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WHAT POTATO GROWERS SAY 
about controlling blight with 


DITHANE M-22° 


“...30 barrels more per acre.” 

We tried DirHane® M-22 on abcut 
10 acres of potatoes during 1958 
with very satisfying results. During 
August, about 9 inches of rain fell, 
and late blight became a serious 
threat to Aroostook County potato 
crop. We feel that DITHANE M-22 
passed a severe test by giving us 
better blight control than we had 
with the nabam fungicide used on 
the balance of the crop. In addition 
to the excellent disease control, we 
had an increase in yield amounting 
to 30 barrels per acre. 

Alfred J. Lausier, KVL FARMS, PRESQUE ISLE, MAINE 


“... prefer working with 
DITHANE M-22.” 


DITHANE M-22 helped 
[us grow a good clean 
crop of potatoes last 
season. Weather con- 
ditions during 1958 
were very favorable 
for blight and it was present in the 
county, but DiTHANE M-22 kept 
our vines clean until harvest. We 
would also prefer working with 
DIrTHANE M-22 to other materials. 
It is convenient to handle and 
mixes readily. 

J. A. Jones & Son, 8.0. #1, BATH, PA 





The reports are the same from all 
over the country—outstanding 
potato blight control ... better yields 

. ease of handling and mixing 
... and definite plans to use 
DITHANE M-22 on a larger scale this 
season. If you haven’t yet discovered 
the proved advantages of this im- 
proved maneb fungicide, check with 
your Rohm & Haas fieldman or your 
pesticide dealer before another day 
goes by. You'll like the results. 


“... exceptional control of late blight.” 


I used DITHANE M-22 on my entire 
crop of certified seed potatoes during 
the 1958 season and I feel that the 
performance of the product was out- 
standing. During the month of 
August, we had an excessive amount 
of rain in Aroostook County and 
late blight rapidly developed in the 
area. Despite these severe disease 
conditions, DITHANE M-22 pre- 
vented any late blight development 
in my crop. Under the circumstances, 
I feel that DITHANE M-22 gave me 
exceptional control of late blight. 
Athell Banks, MARS HILL, MAINE 


“...plan te continue 
using DITHANE M-22.” 


» Since I grow, buy, and 
sell potatoes and also 
; sell pesticides, I am 
in a good position to 
judge fungicides. My 
opinion is that DITHANE M-22 does 
an outstanding job of controlling 
blight on potatoes. I plan to con- 
tinue using DITHANE M-22 and will 
recommend it to all my potato- 
growing customers. 


Jack C. Nichols, MARKY'S WHOLESALE POTATOES, INC., 
ELBA, N.Y. 


*“DITHANE M-22... 
now 80% maneb 
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GUY 
lf 


RICHARD BISBY 


89-1958 


T. Johnson 


By the death of Guy Richard Bisby, at Staines, 


England. on September 3, 1958, mycology lost one of 


its distinguished figures. 

Dr. Bisby was born at Brookings, South Dakota, on 
August 17. 1889. He obtained a B.Sc. degree at South 
Dakota State College in 1912, an A.M. at Columbia 
1917, and a Ph.D. at the University of 
He held assistantships in 1913-14 
1915-16 at 
with Dr. J. C. 
From the time 


University in 
Minnesota in 1918. 
at the Brooklyn Botanical Gardens, and 
Purdue University, where he worked 
Arthur on the taxonomy of the rusts. 
Arthur, mycology became 
the center of The period 1916-20 was 
spent at the University of Minnesota, first as instructor 


of his association with Dr. 
his interests. 
in plant pathology and mycology. and later as Assist- 
ant Professor. In 1920 he was appointed Professor of 
Plant Pathology at the Manitoba Agricultural College. 
Winnipeg. 

At Winnipeg he formed an intimate friendship with 
A. H. R. Buller, which 
led to their fruitful association in the of the 
fungi of Manitoba. This work resulted number 
of publications, of which the most important 
The Fungi of Manitoba, by Bisby. Buller, and John 
1929: and The Fungi of Manitoba and Sas- 
Bisby. Buller. Dearness. W. P. Fraser, 
1938. The done with 
such the truthfully 
state. in the 1938 publication, that “Manitoba ranks 


the noted botanist Professor 
study 
in a 


were 


Dearness. 
katchewan, by 
R. C. Russell. 
thoroughness that 


and work was 


authors could 
mycologically the better-known areas of the 
world.” 

Dr. Bisby 
during his stay in Winnipeg—particularly 
of the Manitoba Natural History 
through his close connection with the Dominion Rust 
Research 
that 
mycologists. 


amongst 


made his influence felt in many ways 


as a 


Society 


mem- 
ber and 
It was through his instruction 
of staff 


Laboratory. 


several members its became competent 


While employed in Canada Dr. Bisby made several 
trips to England, where he made the acquaintance of 


Dr. FE. 1. Butler 
He Was attracted by 


and other néted British mycologists. 
Kew, the great center of myco- 
logical studies. and his association with British work- 
established 1931, 
lished, in collaboration with E. J. Butler. a monograph 
on the fungi of India. It the attraction 
of the type of work done at Kew that he accepted, in 
1936. the post of Assistant Mycologist at the 
monwealth Mycological Institute. 


ers was already in when he pub- 


was through 


Com- 


During his years in England he accomplished much 
of his most important work. He cooperated with T. 
Petch on The Fungi of Ceylon, 1950: with E. W. 
Mason on a list of British Pyrenomycetes: with Miss 
E. M. Wakefield on a list of British Hyphomycetes: 


and with Malcolm Wilson on a list of British rusts. 


PuytopatHoLtocy for May (49 


249.322) 


GUY RICHARD BISBY 

The well-known Dictionary of the Fungi, produced it 
with C. G. Ainsworth, was a product of 
this period, as was also his book An Introduction to 


collaboration 


the Taxonomy and Nomenclature of Fungi. 

His presence on the Special Committee for Fungi 
of the International Botanical Congress was a recog- 
nition of his authority In 1956 he 
was given the Outstanding Achievement Award of the 
University of Minnesota, contributions to 
the solution of taxonomic problems (and) the excel- 


on nomenclature. 


for “basic 
lence of his mycological services to applied biologists 
in all parts of the world 

For a man of his ready wit and acute intelligence, 
Dr. Bisby was singularly retiring. He never sought 
honors deviated far from his chosen path. His 
unfailing kindness to his students was almost hidden 


away. To his friends he was a delightful companion, 
with a vast knowledge of subjects such as gardening 
and the Stone Age in England, which was one of his 
Another of his 
friends in Winnipeg remember the game of chess he 
played with Dr. Alekhine when the latter was world’s 
champion. Musi hobby, and he was an 
accomplished player on the clarinet. It that 
the stroke he suffered in 1954 reduced the enjoyment 
of his last 


hobbies. hobby was chess: some 


was another 
is sad 


years. 


was issued May 1959. 
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INSECT 
E. F. 


TRANSMISSION OF THE LEAF-CRUMPLE VIRUS OF COTTON! 
Laird. Jr.. and R. C. Dickson? 


SUMMARY 


Leaf-crumple virus was transmitted from cotton 
to cotton by the whitefly. Bemisia tabaci, but not by 
Trialeurodes abutilonea. It was transmitted by 
single adults, but immature forms were not able 
Stub cotton plants were as 


Seed 


to acquire the virus 
potent virus sources as newly infected plants. 


were, respectively. 4-8 and 1-2 


hours. The virus 
was retained by the adult for 5 days and was not 
Egyptian cotton was 


Based 


virus-vector relationships, the leaf-crumple virus is 


transmitted through the egg. 
also susceptible to the virus. on certain 
similar to the leaf-curl virus of cotton, but is dis- 


tinct from it on the basis of symptoms. 





transmission was not demonstrated. The acquisi- 
tion feeding and inoculation feeding thresholds 
In 1954 Dickson. Johnson, and Laird (2) reported 


field transmission of the leaf-crumple virus of cotton 
by grafting and by mixed populations of the whitefly 
species, Trialeurodes abutilonea (Haldeman), and the 
sweet potato whitefly. Bemisia inconspicua (Quaint.), 
taken field plants. It 
essential to confirm insect transmission in the labora- 


from diseased next became 


tory and to determine whether both the species are 


vectors. In addition, certain virus-vector relationships 
were studied to evaluate the disease in the field and 


to provide data for identifying this virus. 


MATERIALS AND METHODS.—B#emisia inconspicua has 
been described as a distinct species and has been 
reported intermingled with Bemisia tabaci (Genn.) 


in South America and in the United States. However. 
Russell (5) considered it to be a synonym of B. tabaci, 
the use B. ta the 


previously called B. inconspicua. The insects used 


so authors now baci for insect we 


this study were from a population found generally 
infesting cotton and leafy spurge in desert areas of 
southern California and Arizona. 


B. tabaci and T. abutilonea were reared separately 
on healthy upland cotton, Gossypium hirsutum Linn.., 
Test 


var. Acala 4-42. insects were confined to plants 
in large, rectangular cloth cages: cylindrical. cloth 
sleeve-type cages: or small. plastic leaf cages. The 
latter were similar in function to those described by 
Giddings (3). but differed in’ construction They 
were 16 mm in diameter and 9 mm high. and had 


The end to the 
stocking material. 


both ends enclosed with nylon next 


leaf was covered with 50-55-gauge 


An access hole in the side was covered with a paper 
square held in place by adhesive tape. The cage was 
secured to the leaf by means of a balsa wood square 
and a rubber band. With certain precautions, adult 
whiteflies were transferred in these cages from leaf 
to leaf. This method largely eliminated the insect 
mortality caused by excessive handling with the aspi- 
ration technique. The leaf cages were placed on the 
underside of the leaf. the preferred feeding site for 


these species. 
Virus source and test plants were Gossypium hir- 
sutum var. Acala 4-42 grown in the greenhouse. Age 
' Accepted for publication December 12, 1958 
Paper No. 1090, University of California Citrus Experi 
ment Station, Riverside, 
* Laboratory Technician 


California 


III, and Associate Entomologist. 


to 


of the test plants at the time of experimental infesta- 
tion was 9-25 days. 
infestation by insects, the test plants 

After the test 
insects were removed, the plants were transferred to 


of 30-38°C. 
since symptoms were clearer at the higher tempera- 


During the 
were held in a greenhouse at 20-30°C. 


a greenhouse room with temperatures 


ture. An uninfested plant was left in each pot as a 
check for greenhouse contamination by  viruliferous 


whiteflies. The greenhouse was fumigated each week, 
often if TEPP (tetraethyl] 
pyrophosphate) or nicotine. 

VECTOR IDENTITY.—FEight 
ducted with pure populations of B. tabaci and T. 


or more necessary. with 


experiments were con- 
abutilonea to confirm insect transmission and to deter- 
as vectors of the virus. In each 
adult 


placed on a leaf-crumple-diseased cotton plant in a 


mine their efficiency 


experiment, non-viruliferous whiteflies were 


large cloth cage for the acquisition feeding period. 


Then they were removed from the virus source and 
confined in small, cloth sleeve cages over 16 test 


» 


plants, 2 Whiteflies that had fed on 


healthy cotton were placed on 8 test plants and served 


plants per cage. 


as checks for viruliferous individuals in the laboratory 
field 
summarizes data 
experiments. transmitted the 
leaf-crumple virus; the did Under 
these conditions. B. tabaci was able to transmit this 


from diseased plants 
Table ] 
B. 


other 


cultures. Cotton aphids 


were also tested as vectors. 
tabaci 


from these 


two not. 


virus as efficiently as it does the leaf-curl virus of 
cotton in Africa (4). 
The inability of 7. abutilonea to transmit leaf- 


crumple virus is fortunate for the grower, since popu- 
of this whitefly fields 
much greater than B. tabaci populations. 


lations in cotton are usually 


Transmission by sin- 
field-collected 


A single adult was removed 


SINGLE-ADULT 
whiteflies 


TRANSMISSION. 


gle was studied with and 


laboratory-reared insects. 
from a diseased field plant and placed immediately 
in a sleeve cage over a test plant. In the laboratory. 
single viruliferous adults in leaf cages that had been 
given an acquisition feeding period on a_ diseased 
cotton plant or reared on diseased cotton were trans- 
ferred to test plants. Data from these tests are shown 


Table 1. 


the virus. The failure of transmission by field-collected 


in Single whiteflies were able to transmit 
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Taste 1.Transmission of the leaf-crumple virus from cotton to cotton by 2 whitefly and | aphid species 


No. insects 


Species per plant period (hours) 
Bemisia tabaci 95 _ 
25 48 
Trialeurodes abutilonea 25 24 
Aphis gossypu“ 95 
Bemisia tabaci" ] 
] 
Bemisia tabaci” 1 24 
l P 


* Field-collected from diseased plants. 
> Laboratory reared. 


Acquisition 


Inoculation Diseased /test plant nos. 
period (hours) 


Virus source Healthy source 


48 50/61 0/30 
72 7/8 0/3 
48 0/68 0/32 
72 0/26 
24 0/97 
72 3/73 
72 1/15 
72 1/40 


©Reared on diseased cotton, length of feeding period unknown. 


insects with a 24-hour inoculation feeding period 
could be attributed to an incomplete latent period in 
the whitefly. Limited experimental data indicate that 
the latent period in the vector may be 20 hours or 
more. 

RETENTION.—Five experiments were conducted to 
determine how long the vector retained the ability to 
transmit the leaf-crumple virus. In 4 of these tests, 
whiteflies were collected from diseased field plants 
and confined in small sleeve cages over test plants 
for 24 hours. Then the insects were moved to new 
test plants for 24 hours. and the procedure repeated 
until there were no live whiteflies to transfer. The 
single laboratory experiment was conducted in the 
same way except that the insects were confined in leaf 
cages and were given a 24-hour feeding period on 
the virus source before transfer to the test plants. 
Data from these tests (Table 2) indicate that the 
virus is of the persistent type. The short life span 
of the test insects was probably a result of their 
advanced age and excessive handling during the ex- 
periment. However, the level of transmission remained 
nearly constant during the time they survived. espe- 
cially for field-collected whiteflies. 

ACQUISITION BY IMMATURE FORMS.—Since B. tabaci 
is highly mobile only as an adult. transmission would 
be expected to be restricted to the mature insect. 
Nevertheless. the immature. or larval, stage feeds for 
a considerable time. and acquisition of the virus by 
this form might be an important factor in the efh- 
ciency of the ensuing adults. 

Pupae of larvae reared on diseased cotton plants 
were removed and glued with saliva to the leaves of 
healthy test plants in a large cage that prevented 
contamination from whitefly adults other than those 
that emerged from the pupae. Pupae reared on heal- 
thy plants were transferred to test plants and served 
as culture checks. The emerged adults were allowed 


Taste 2.-Retention of the virus during serial transfers by 


laboratory virus sources 


Acquisition 


Ac quisition No. insects period 

source per plant (hours) 0-24 
Field 25 31/60 
Laboratory 410 24 3/4 


to feed until they died. Sixteen plants were infested 
with 603 pupae from the diseased plant, and about 120 
adults emerged. Of 300 pupae from the healthy rear- 
ing plant. 77 adults emerged and fed on 6 test plants. 
None of the plants infested from either source showed 
disease symptoms. It appears that B. tabaci does not 
become viruliferous by feeding on leaf-crumple-dis- 
eased plants as larvae only. 

ACQUISITION THRESHOLD.—Results of transmission 
experiments (Table 1) showed that B. tabaci was 
able to acquire the virus during a 48-hour acquisition 
feeding period on the virus source plant. Since the 
percentage of infected plants was high, it was sup- 
posed that the acquisition threshold would be less 
than 48 hours. To determine the threshold, 7 experi- 
ments were conducted in which non-viruliferous adults, 
20-30 per leaf cage. were given 4 different acquisition 
feeding intervals. In each experiment, insects fed 
for a particular interval were placed on a total of 4 
test plants for an inoculation feeding period of 72 
hours. The acquisition feeding intervals and the num- 
ber of diseased and test plants were as follows: 
| hour, 0/24; 2 hours, 0/8: 4 hours, 0/20; 8 hours, 
3/30: and 48 hours. 50/61. The threshold proved 
less than 8 hours, but greater than 4. 

INFECTION AGE OF VIRUS soURCE.—Stub, or ratoon, 
cotton has been considered a primary reservoir of the 
virus because its presence near a seeded cotton field 
has been observed associated with a high disease 
incidence in the field. Stub plants appeared to be 
readily available to populations of whiteflies early in 
the growing season before symptoms showed en newly 
planted seedlings. Nothing was known as to how they 
compared to newly infected plants as a virus source 
for the vector. 

An experiment, designed on a statistical analysis 
basis, was conducted to compare plants of long and 
short infection periods or ages. Two virus source 


adult whiteflies that had acquisition feeding on field and 


Diseased/test plant nos. from inoculation feeding during 
indicated hours after removal from virus source 


24-48 48-72 72—96 96-120 
31/58 14/32 4/6 
0/4 1/4 0/4 1/4 
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plants were used: one with disease symptoms visible 
17 days. and one that | I nhown symptoms fol 2 
years before the ¢ xperiment was starte d Non-viru- 


liferous whiteflies were fed at random on these plants 


for 24 hours and then confined in leaf cages on test 
plants for 96 hours There were 12 test plants for 
each virus source—3 replicates of 4 plants each. The 
percentages ol diseased plants were converted to angle 
values (angle ur in percentage ind the 
resulting data subjected to a “t” test for significant 
difference. The mean angle for the percentage of 


diseased plants infected by the whitefly with acquisi- 
tion feeding was 56.0 ul 10.5 on the newly infected 
source. and 40.0 + 8.7 on the long-infected source 


No significant difference was found between the means 


The extremely large standard deviation for the forme 
was in part a result of the large variance between 
replications. It would have been desirable to increase 
the number of plants per replicate and the number 
of replic ates tor sucl experiment However. the 
number ot available te f inse ts if inv one time Was 
restricted by rearing facilities and the rather low 


reproductive rate of the whitefly in the laboratory 


Until a host-range study ompleted, stub cotton 
should he considered the ha jor Virus source during 
the early part of the growing eason ind with the 
same potential is vir ures is newly infected 


seedlings. 


SEED TRANSMISSION The possibility of seed trans- 
mission of the virus was als tudied. Seeds collected 
from diseased field cotton plants growing in 3 loca 
tions in the Imperial Valk re delinted and planted 
in a sterilized soil-sand mixture in wooden flats After 
the seedlings had emerged. the greenhouse was fumi 
gated weekly to prevent insect contamination At 40 
days the plants were examined for disease symptoms 
Of 2130 seedlings examined. none showe d symptoms 

INOCULATION FEEDING SIT! In an early experiment 
it was observed that transmission did not occur when 


viruliferous insects fed only on test cotvledons 


To test the 


pl int 


susceptibility of these plant tissues | 


experiments were conducted with viruliferous adults 
that had an inoculation feedir either on true leaves 
or on cotyledons. Transmission in 15 test plants was 
66.6% from feeding on true leaves and 0 from 
cotyledon feeding. Costa reported similar results 
when he attempted to transmit abutilon mosaic virus 
from a Sida sp. to cotton plants by B. tabaci in leaf 
cages. An explanation for these failures would be of 
interest in the study of the phenomenon of virus in 
fection or virus reduplicatior 

INOCULATION FEEDING THRESHOLD.—With the inocu- 
lation feeding site known. 6 experiments were con- 
ducted to determine the inoculation feeding threshold 


Whiteflies in leaf cages were given a 24-hour 


acqulsl- 


tion feeding on the virus source and transferred to 1? 
test plants. 4 for each of the inoculation feeding 
periods. The feeding periods and transmissions ob- 


Values taken fr tables by C. I. Bliss 


PHYTOPATHOLOCY 


Vol. 49 


as follows: 1 hour, 0/24; 
5/24. 


TRANSOVARIAN 


tained were 2 hours, 1/24: 


and 4 hours, 


rRANSMISSION.—Transovarian trans. 


mission of the aleurodid-borne viruses has not been 
Since the leaf-crumple virus seemed to be 


reported 


reported. 


distinct from any of the viruses previously 


on. a study was undertaken of transmission through 


the vector’s egg. The spurge Euphorbia maculata L,, 
found to be immune to the virus, was used as the host 


plant. Viruliferous whiteflies were placed on_ this 


plant and allowed time to oviposit, after which they 
killed by Fifty 


the eggs were placed in leaf cages on each of 8 test 


‘ 
Se 


were fumigation. adults reared from 


cotton plants. No diseased plants were observed. 


TRANSMISSION TO EGYPTIAN COTTON.—The Egyptian 


cotton. barbadense | inn.. var. Domains 
Sakel, is which is trans- 
mitted by B. leaf. 
crumple virus was studied to help determine the rela- 


Non-viruliferous whiteflies 


Gossypium 
a host of the leaf-curl virus. 
tabaci. Its susceptibility to the 
tionship of the two viruses. 
were placed in leaf cages. 50 per cage, for 24 hours 
on a diseased Acala 4-42 plant. The cages were trans- 
ferred. | per plant. to 6 Domains Sakel test plants. 
Two of the 6 test plants became diseased, and none 
of the check plants infested with adults fed on healthy 
cotton The recovered 
by B. tabaci from one of the diseased Domains Sakel 
Although 


showed symptoms. virus was 


plants and transmitted back to Acala 4-42. 
is susceptible to 


the Eeyvptian Domains Sakel cotton 
the leaf-crumple virus. the relationship of this virus 
to the leaf-curl virus is not certain. Symptoms of 


leaf-crumple disease on Domains Sakel appear to be 
quite distinct from published descriptions of symptoms 
of leaf-curl on the same host. It has not been possible 
to compare the symptoms of these two viruses directly, 
but they seem distinct. though similar. 

Attempts to transmit the  whitefly- 


borne viruses by sap inoculation have been unsuecess- 


DISCUSSION. 


ful. For the present. comparisons between the viruses 
host 


virus-vector re- 


must be made on the basis of symptoms. range 


(transmission by insect vector). and 
lationships. Although the symptoms differ, both the 
leaf-crumple and leaf-curl viruses attack Egyptian as 
of B. tabaci 
both by 
and by single adults. approximates that re- 


by Kirkpatrick (4) for the 


Results of tests on the acquisition feeding threshold, 


well as American cotton. The efficiency 


in the transmission of the leaf-crumple virus, 
groups 


ported leaf-curl virus. 


inoculation feeding threshold. retention by stub  cot- 


ton. transovarian transmission. and retention of the 


virus by B. tabaci for leaf-crumple virus are similar 
to those obtained in tests with B. tabaci on the leaf- 
difference that 


readily virus, 


noted so far is 
the leaf-curl 
The dissimilar tech- 


curl virus. The one 


immature forms acquire 
but not the leaf-crumple virus. 
niques used to test for this characteristic may explain 
the different Further 


to clarify the identity of the leaf-crumple 


results, investigations will be 
necessary 
virus: however. it seems to be more like the leaf-curl 


virus than anv of the other whitefly-transmitted viruses. 
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In addition to their usefulness in the identification 
of the virus, these results of both laboratory and field 
experiments should prove helpful in evaluating the 
disease in the field. Such factors as vector population 
surveys. potential field disease incidence, and control 
measures should be more easily assessed. 
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STREPTOMY CES SPP. AS A CAUSE OF NATURAL FUNGITOXNICITY IN SOILS? 
John a Lockwood? 


SUMMARY 


Natural loam or muck soils lysed mycelia of 
several fungi growing on various agar media. 
Mycelia in cultures killed by propylene oxide were 
also Ivsed by natural soils. Destruction of mycelium 
was usually nearly complete when soil was in 
contact with cultures for 7-14 days. Germination 
of conidia was inhibited on agar media that had 
with sterilized Cellophane and _ soil 
Germ 


been covered 
for 2-7 days before application of spores. 
tubes and mycelia from conidia that germinated on 
such media were frequently inhibited or lysed. Soil 


sterilized by steam or propylene oxide was without 
lytic or inhibitory effects. Sterilized soil inoculated 
with mycolytic isolates of Streptomyces spp. and 
incubated 5-14 days produced lytic and inhibitory 
effects on test fungi similar to those produced by 
natural unsterilized soil. The presence of diffusible 
toxins in soils was indicated by fungitoxic effects 
when soils and fungus were separated by agar or 
Cellophane barriers. Diffusible fungitoxie sub- 
stances produced by Streptomyces spp. are thought 
to play a role in natural soil fungitoxicity. 





Inimical effects of natural soils on fungus spores 
Lo Gt, BO, 


and the concept of a general. widespread fungitoxicity 


and mycelium have been described (3, 
in soils has recently been developed (4,5). The cause 
and nature of the fungitoxic property of soil is as yet 
poorly understood, but evidence indicates the presence 
of diffusible toxic substances in natural soils (6, 10). 
Actinomycetes contribute to the fungitoxic property 
of soil, as shown by Stevenson (9), who found that 
sterilized soils inoculated with actinomycetes antago- 
King & 


lvsed 


nistic to Helminthosporium sativum Pam.. 


Bakke 


mycelium of this fungus. 


inhibited germination of conidia and 
The present report describes 
toxic effects of natural soils and sterilized soils inocu- 
lated with mycolytic isolates of Streptomyces spp. on 
several fungi. with particular emphasis on lysis of 
fungus mycelium. 

MATERIALS AND Mvycolytic isolates of 
Streptomyces spp. were obtained by the method of 


Lockwood { 


») 
were sprayed on 4-day-old cultures of Glom- 


METHODS. 
Carter and }. Suspensions of soil in 
water 
erella cingulata (Ston.) Spauld. & Schrenk on peptone 
agar (2). Colonies that lysed mycelium of this fungus 
were transferred to yeast-extract-glucose agar (2). 
To determine the toxic effects of soils on conidial 


Accepted for publication December 15. 1958. 
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The writer 


Brock and Mrs. Mary J. 


Bandurski for technical assistance 


expresses his appreciation to Mrs. Irene 


germination and on mycelium, the following plant- 
were used as test 
Colletotrichum circi- 


pathogenic fungi organisms: 
{phanomyces euteiches Drechs.; 
nans (Berk.) Vogl.: Fusarium oxysporum Schlect. f. 
Snvd. & Hans. race 1; Fusarium 
App. & Wr. f. pisi (F. R. Jones) Snyd. 


Rhizoctonia 


pisi (Linford) 
solani ( Mart.) 
& Hans.: G. cingulata; H. sativum: 
solani Kiihn: and Verticillium albo-atrum Reinke & 
Berth. Fungi were cultured on PDA (potato-dextrose 
agar) (2). For 
about 2.500.000 conidia in 50 ml of water were added 
to 250 ml of melted agar at 42°C. Cultures of A. 
euteiches and R. solani were prepared with mvcelial 


seeding agar plates for lysis tests, 


inoculum. Media used were peptone agar, PDA, and 


NaNO.. 2 g: K.,HPO,, 


Czapek’s agar (per liter: # 
FeSO, -7H,0, 


lg: KCIO5 g: MgSO.-7H,0. 0.5 g; 
0.01 g: sucrose, 30 g: agar. 20 g). 
Petri dishes 


For determining lysis of mycelium, 


containing 15 ml of seeded agar were incubated 4 
days. after which the culture was covered with soil. 
After 7-20 days, soil was washed from the surface of 
the agar and cultures were examined under a micro- 
scope using a 43 objective. Counts were made of 
the number of hyphal strands crossing the periphery 
of the field. 
of duplicate plates. 


of agar culture about 4 mm square were crushed be- 


Usually. 5 fields were counted on each 


In an alternative method, pieces 


tween 2 glass slides. The amount of mycelium as 
compared with untreated controls was estimated using 
Ratings were 


a microscope with a 10 objective. 
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on living or killed mycelia of several fungi on peptone agar when 


Number of hyphae intersecting periphery of microscope field” 


328 
TaBLe 1.—Effect of unster or sterilized loam sot 
cultures were r 4} 7 7 
Living cultures 
Sterilized 
Fungus Control soil 
Colletotrichum circinans 26 23 
Fusarium oxyspor 81 80 
Fusarium solani {. pisi 2 2i 
Glomerella cingulata 70 i2 
Rhizoctonia solani 22 22 
Verticillium albo-atrur 4 6 
*Mycelium was killed a was sterilized by 
Average number of hyphae unted in 5 fields on each of 
0-4: O. no mycelium: | 1-10%; 2. 11-50%; a 
51-99°, and 4, no mycelium lysed Two squares 
were rated from each of duplicate plates. Ratings of 
squares from the same plate or from duplicate plates 


differed 


Several methods wert 


rarely 


luated for determining the 


inhibitory effect of soils on germination of fungus 
conidia on 2° aga 1) Glass slides coated with agar 
containing conidia were buried in soil (3). b) Conidia 
were streaked on agar Petri dishes. which were 
then covered with soil Soil was placed on agar 
in Petri dishes for 5-12 days and then washed off. and 
conidia were streaked on the agar. d) This method 
was similar to “c” except that sterilized Cellophane 
was interposed between soil and agar e) A laver of 
2% agar in a Petri dish was covered with a laver of 
15° agar. which was vered with soil. After 5-12 
days. soil and top agar laver were removed and 
conidia were streaked on the bottom layer. f) This 
method was similar to “e” except that conidia were 
streaked on. the botton lave! before the top laver 
was poured. Germination counts were made about 24 
hours after conidia were applied 


All methods demonstrated inhibition of germination 


of conidia by natural unsterilized soil. Methods in 
which conidia were in direct contact with soil were 
least satisfactory. because difheulty in removing soil 
without damaging agar or removing = spores rhe 
Cellophane (d) and double agar layer (e) methods 
gave clean and apparently sterile agar surfaces. and 
were used in this study. When natural soil was used, 
it was necessary to remove the Cellophane within 10 
days to 2 weeks. because the film tended to decompose 
after this period 

Soils used were Conover loam and muck. both col- 
lected at East Lansir Michigan For inoculation 
with isolates of Streptomyces spp.. screened soil was 
moistened to a point short of stickiness and placed in 
250-ml flasks to a depth of 1 in. Flasks of soil were 
sterilized by autoclaving 1 hour on each of 3-4 sue- 


cessive davs. or by exposure to propylene oxide fumes 


in a desiccator for 3-4 days. Sterility tests were made 
by plating samples on  yeast-extract-glucose agar. 
Soils were inoculated by adding 2 ml of a suspension 
of spores of a Streptomyces isolate to each flask. 
Following inoculation. flasks were sealed with alumi- 


Killed cultures 


L nsterilized Sterilized U nsterilized 

soil Control soil soil 

0 25 27 2 

0 89 80 0 

0 26 30 32 

0 71 7] l 

l 22 23 0 

I 36 sh 28 


propylene oxide, 


2 plates using a 43 objective 


num foil to retard drying of the soil. Flasks were 


incubated 7-20 days before use. 
Lysis of mycelium. 


RESULTs. In prelimi- 


nary tests to determine the effects of soil on fungus 


fungus 


mycelium, cultures of G. cingulata growing on peptone 
14 days without lids 
When the plates 


were retrieved, washed, and examined under a micro- 


in Petri dishes were buried 


aga! 


4 in. deep in loam soil in the field. 


scope, nearly all the mycelium had disappeared. 
Lysis of fungal mycelium was compared in cultures 
buried in soil in the field and cultures covered with 


soil in the laboratory. Peptone agar cultures of A, 


euteiches, C. circinans, F. oxysporum f. pisi, F. solani 


f. pisi, G. cingulata, and V. albo-atrum were used. In 


both tests, mycelia of all fungi except R. solani had 


lysed partially or completely in 14 days. Since results 
| | 


in field and laboratory were similar. all later work 
was done in the laboratory. 
Quantitative estimates were made of the lysis of 


fungus mycelium by soils. Living and killed cultures 
of the 


covered with loam or 


described above. on were 
muck soil. 
Q and 20 days 


extensive 


fungi peptone agar, 
Soil was washed off 


(Table 1 . 


lvsis of 


and mycelia counted after 
At 9 both had 
living and killed mycelium of all fungi except killed 
At 20 
practically all the 
Stromata 


days. soils caused 


cultures of F. solani f. pisi and V. albo-atrum. 


days. with the same exceptions, 
mycelia in these cultures had disappeared. 
or ©. 
resisted 
and (¢ 


the Fusarium 


microsclerotia of V. albo-atrum 


cingulata, V. albo-atrum, 


circinans and 


lysis. Conidia of G. 
circinans, and conidia and chlamydospores of 
spp. 
lysis of the 


on the surface of 
mycelium. Sterilized 
killed 


experiment 


were abundant 


atter soil 
effect) on 


similar 


the agar 


had no either living or mycelium. 


Results 


peated. 


were when the was re- 
The germination was tested of conidia from lysed 
cultures of C. circinans, F. cingulata, 


and IV. 


in a blender. and centrifuged 15 


solani f. pisi, G. 
water 
20,000 


rpm, and conidia were collected from the supernatant 


albo-atrum. Cultures were mixed with 


minutes at 


liquid. In germination tests their viability, as com- 


pared with that of spores from PDA cultures, was not 
impaired. 

Two experiments were made to determine whether 
media other than peptone sus- 


mycelia in agar were 
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9—Effect of sterilized loam soil inoculated with isolates of Streptomyces spp. and incubated 14 days on living 
or killed mycelium of 3 fungi when cultures were covered 10 days* 


Number of hyphae intersecting periphery of microscope field” 


Living cultures 


Streptomyces Glomerella Verticillium 


isolate cingulata albo-atrum 
10 8 0 
53 3 2 
54 0 6 
Unsterilized soil 0 3 
Sterilized soil 31 } 
Control 36 21 


*Mvcelium was killed and soil was sterilized by propylene « 
plates 


> Average number of hyphae in 5 fields on each of 2 
ceptible to lysis by natural soils. Cultures of F. solani 
cingulata, and V. 
peptone PDA. or 
The mycelium, both aerial and submerged, was much 


f. pisi, G. albo-atrum growing on 


agar. Czapek’s agar were tested. 
more dense on the richer media than on peptone agar. 
Nevertheless. killed 
lium of all 3 fungi was virtually complete in 3 weeks 
Only 

mained of mycelium in living cultures of F. 
pist and killed cultures of all 3 fungi on PDA. It is 
evident that lysis is not limited to mycelium growing 


destruction of living and mvce- 


on peptone agar and Czapek’s agar. traces re- 
solani f. 


on media deficient in nutrients. 
The diffusible the lytic 


natural soil was indicated by lysis of mycelium within 


nature of substances in 


the agar as well as on the surface. In experiments 
directed toward this point. cultures of G. cingulata 
were covered a) with a laver of 2° agar. b) with 
sterilized Cellophane. and c) with agar plus Cello- 


Mvycelia ot treated and covered 


with soil Ivsed in all cases. 


yhane. cultures so 
| 

isolates of 
effec ts 


Isolates 


Sterilized soils inoculated with mycolvti 
spp. tested lytic 


mycelia of fungi growing on peptone agar. 


Streptomyces were for on 


10. 53. and 54 were introduced into sterilized loam 
soil and incubated 14 days. after which soils were 
placed on peptone agar cultures of F. solani f. pist, 


albo-atrum. 
( Table 2 Je 


eat h of the isolates ot Streptomyce S spp. almost com- 


G. cingulata, or V. Results of 2 experi- 


ments were similar Soils inoculated with 


pletely destroyed living mycelium of G. cingulata and 


Taste 3.--Effect of 


or killed mycelium of } hung 


sterilized loam inoculated with 


soul 


Streptomyces Living cultures 


Fusarium 


isolates of 


when cultures were covered 17 days 


Killed cultures 


Glomerella Verticillium Fusarium 


solani cingulata albo-atrum solani 
23 35 20 22 
24 32 17 26 
23 32 18 24 
2 0 l y 
28 33 20 25 
25 34 22 29 


xide. 


using a 43&X objective. 


V. albo-atrum in 10 days. but had little or no effect 
on F. solani f{. pisi. Killed mycelium was not lysed 
by inoculated soils in these tests. Unsterilized soil 


caused almost complete disappearance of both living 
and killed mycelia of all 3 test fungi, except for killed 
mycelium of F. solani f. pisi, of which about a third 
of the hyphae remained. Sterilized soil did not affect 
mycelium. 
Loam soil inoculated with mycolytic isolates 2, 25, 
28. and 66 of Streptomyces spp. was similarly tested 
in 3 experiments for lysis of mycelium of F. solani f. 


sativum, and V. albo-atrum. 


incubated 18 
placed on fungus cultures for 14 more days (Table 3). 


pisi, G. cingulata, H. 


Inoculated soils were days, and then 


Natural. unsterilized soil nearly completely destroyed 
killed all 4 test Soils 
with isolates of Streptomyces 
the 4 


natural 


living and mycelia of fungi. 


inoculated spp. or a 


somewhat less lytic 


all 


mycelium was at least partially destroyed. In 


mixture of isolates were 
instances 


all 3 


experiments, killed mycelium was lysed more readily 


than soil, in general, but in 


than was living mycelium, the reverse of the situation 
10. 53. 54. 
the results of the 3 tests, with respect to soils inocu- 
lated with It is 
evident that soils inoculated with mycolytie Strepto- 
living killed fungus 
to that of natural soil. 

The effect of 


germination of 


with isolates and Quantitatively, however, 


individual isolates, were inconsistent. 


myces isolates exert on and 


mycelia a lytic effect similar 


Inhibition of germination of conidia. 


natural unsterilized loam soil on 


Streptomyces spp. and incubated 14 days on living 


Lysis rating’ 


Killed cultures 


isolate G.cingulata V.albo-atrum H. sativum F.solani G.cingulata V.albo-atrum H. sativum F. solani 
2 0 2 l 3 2 0 2 0 
25 l 0 2 2 ? 0 2 0 
28 0 | l 4 Q 0 ] 0 
66 0 2 ] | 0 0 l 0 
Mixture 0 9 0 2 2 0 l 0 
Unsterilized soil 0 | 0 ] 0 0 0 0 
Sterilized soil + } 1 + } 1 t 4 
Control i. } } 4 } } + 4 
“Cultures were killed by propylene oxide fumes. Soil was sterilized by autoclaving 
Average rating of 2 slide mounts from each of 2 Petri dishes. 0 no mycelium: | 1-10%:; 2 11-50%; 3 


51-99%: 4 no mycelium lysed 
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with 
ot 


TaBLeE 4,.—Effect ated 
isolates or Sir for or germur 


atton 


conidia or > fung 


Avera germination of conidia’ 
Streptomyce ( ; } a n 
isolate ngulate ratrun olan 

10 | 2 7) 

28 ( 1] 9 

66 2d * 

Mixture 0 3 

Unsterilized soil 0) 4 

Sterilized soil ) f 

Control ie ¥) 9 

‘Soil cultures er 1 lays, then added to 
double agar-layer plate \ft 6 day oil and the top 
agar layer were remo es were streaked on the 
bottom layer 

"Average per cent germinat based on examination of 
10 fields on each of 2 plates with 30-60 conidia per field 
fungus conidia was tested experiments using the 
Cellophane or double-agar-layer technique. Germina- 
tion of G. cingulata onid ol igar covered with 
natural soil was 0055 10 per cent or less in 5 
tests. Germinatio , y hy frun conidia was 
0-18 and was prevente ! ») experiments Onl, 
6% of F. solani f. pis nidia germinated in one 
experiment, but germinat was not affected in 7 
other tests. In 2 experiments with H. sativum, germi 
nation was 25 and 58 Muck soil reduced germina 
tion of conidia of G ng ta to 10 Germination 
of F. solani f pisi conidia in controls was 55-65‘ 
germination of conidia of other fungi in controls 
almost always exceeded 90 Germination of conidia 
treated with sterilized ls never differed from that 
of controls. 

Sterilized soil inoculated th mvcolvtic isolates of 
Streptomyces spp. was tested for inhibition of conidial 
germination. Inhibition inconsistent. Germina 
tion of conidia of G ind V. albo-atrum was 
less than 50° in 3 of 6 test and germination of 
F. solani {. pisi conidia was prevented in one experi 
ment. Soil inoculated solate 10> consistently 
inhibited germination of conidia. whereas soil Inocu- 
lated with isolates 2 or 25 did not affect conidia of 
anv test fungus in 2 tests. Soils inoculated with other 
isolates were inhibitory in some tests. and not in 
others. Table 4 shows typical results from an experi 
ment in which inhibition urred. Mixtures of iso 
Taste 5.-—-Effect st m § ate vith 

G omere a ris b¢ [ } a ( atr ivi u 
\verage 

Days G J t G. cing 

} g9 95 9? 

9 >= 62 O4 

12 lf 97 

16 13 | 

"Soil cultures incubate: ivs, then adde plates 
intervals, Cellophane " < wel removed 

Average per cent rminatior dased on examination of 


hen agar medium was covered for 


isolates of 
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lates seldom inhibitory than the best of 


single isolates. In one experiment, however. soil inocu. 


were more 
lated with a mixture of isolates 10, 28. and 66 gaye 
results closely approximating those with natural soj] 
(Table 4). 


The longer soil was in contact with the Cellophane 


or top agar layer, the greater was the inhibition of 
germination of fungus conidia (Table 5). For ex. 
ample, germination of conidia of G. cingulata was 


99°, when soil inoculated with isolate 10 was in con. 


tact with Cellophane for 4 days. After 9 days, ger. 


mination was reduced to 25°; after 12 days, to 16%; 


and after 16 days to 9°. Results were similar with 
conidia of V. albo-atrum and with soils inoculated 
with isolate 54. Some of the inconsistency of results 


in germination tests might be explained by too brief 
a contact between soils and test surface. 
Although the effects of 


on conidial germination were usually not as striking 


inhibitory inoculated soils 


as were lytic effects, it was frequently observed that 


germ tubes of conidia on agar covered with natural 
or inoculated soils ceased growth and frequently 


lvsed. whereas in controls germ tubes grew into dense 


mvcelium. 


The effect of replacement of soil on germinating 
conidia was studied with the double-agar-layer method. 
Conidia of G. cingulata and F. solani {. pisit germi- 


with 
conidia of 


that had been covered 
muck soil for 


slightly 


nated normally on agat 


unsterilized loam or 2 days: 


V. albo-atrum were inhibited bv loam soil. 


Soil was replaced directly on the cultures after counts 
were made. Two days later. lvsis of mycelium of all 
3 fungi was nearly complete. 

In a similar experiment. 10-day-oid soil cultures of 
25, 28. and 66 we 


Sire ptomyces isolates Zz re replac ed 


germination counts. There 


of F. 


albo-atrum 


on conidia following 
little ot 
cingulata, sativum, 


was 


inhibition conidia solani f. pisi, G. 


H. 


and 


natural 
the } 


more days, 


or J by 


inoculated with 
After 7 
no mycelium remained in cultures treated with natural 


loam. soil. none by soils 


Streptomyces isolates at 6 days. 


soil, and only traces (rating of 1) remained on plates 


treated with soils inoculated with isolates 25, 28. and 
66, except for F. solani f. pisi, which was rated “2” 


all 


also were rated 


t fungi treated with 


“9? 


for isolates. 


all Mycelia of 
soil inoculated with isolate 2 
The results of the inhibition experiments support 


Streptomyces spp. on germination of conidia of 


various periods ’ 


aa 
cermination of conidia 


Isolate 54 Sterilized soil 


ilata }. albo-atrum G. cingulata ). albo-atrum 
98 100 100 
87 95 99 
1] 4 98 
6 98 93 
of water agar covered with sterile Cellophane. At various 


and spores were streaked on agar. 


10 fields on each of 2 plates with 30-60 conidia per field. 
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those of the lysis tests in indicating the presence of 
diffusible fungitoxic substances in natural soils and 
suggesting a causal role for antagonistic isolates of 
Streptomyces spp. in natural soil fungitoxicity. 
Discussion.—A_ natural soil fungitoxicity 
similar to that described from other parts of the 
world exists in soils in Michigan. The possible role 


possibly 


of antibiotics in natural soil fungitoxicity is sug- 
gested by the work of Stevenson (9), who found that 
specific morphological effects on H. sativum produced 
by actinomycete antibiotics in vitro were similar to 
those produced by soils inoculated with the corre- 
sponding actinomycete. Despite frequent failures to 
demonstrate their presence in soils by extraction tech- 
niques. a balance between antibiotic production and 
inactivation could result in the continual presence of 
small but biologically active quantities of antibiotics 
Factors other than antibiotics may also be 


Antibiotics lysed living 


in soils. 
involved in soil fungitoxicity. 
mycelium but not killed mycelium in culture (1), 
whereas natural soils, certain Streptomyces isolates, 
and soils inoculated with lytic isolates of Streptomyces 
spp. lysed killed, as well as living. mycelium. Other 
substances. perhaps enzymes produced by actinomy- 
cetes. may be involved in the lysis of killed mycelium, 
and perhaps living mycelium as well. Since the de- 
struction of mycelium by isolates of Streptomyces spp. 
in mixed culture with fungi was seldom as complete 
as by natural soils or sterilized soils inoculated with 
Streptomyces isolates, potentiating factors in soil may 
also be involved (9). 

The role of microorganisms other than actinomy- 
cetes in natural soil fungitoxicity is yet to be eluci- 
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dated. The destruction of mycelium of Fusarium 


roseum (Lk.) emend Snyd. & Hans. by sterilized soil 
inoculated with Bacillus macerans Schardinger (8) 
suggests that actinomycetes are not unique in this 
respect. 
DEPARTMENT OF BOTANY AND PLANT PATHOLOGY 
MIcHIGAN STATE UNIVERSITY 
East LANsiInc, MICHIGAN 
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IN COWPEA OF RESISTANCE TO TOBACCO RINGSPOT VIRUS! 
deZeeuw and J. Clark Ballard? 


stMMARY 


Inheritance in Black cowpea of resistance to 
local lesioning by tobacco ringspot virus was 
studied in Fi, Fs, and backcross generations. A 


nearly perfect fit for inheritance of a single gene 
dominant for resistance was found. The appear- 
ance of the F: resistant reaction was generally 


distinct, but no precise separation from the resistant 
parent type could be made in every case in the F 


The source of resistance in the material used was 
unknown, but appears to have originated with a 
single heterozygous individual. The resistant reac- 
tion is an expression of hypersensitivity rather than 
immunity; the susceptible reaction is expressed by 
large local lesions, systemic invasion, top necrosis, 


and death of the plant. 





A small quantity of Black cowpea seed, originally 
from the W. R. Robinson Seed Company, Cairo, 
Georgia, was obtained in 1955 for local-lesion testing 
of cucumber mosaic virus. The material was used 
during the following winter. with increasingly erratic 
results. Preinoculation darkening of the plants (4) 
did not increase production of lesions enough for 
quantitative work with our virus isolates. To obtain 
reliable test material 16 plants displaying typical 


cucumber mosaic lesions were grown to maturity. and 


the seed was saved 


During the early fall months the reaction of this 
stock to cucumber mosaic was generally satisfactory. 
Inoculations in late winter, however. gave markedly 
fewer lesions, possibly because of increased light 


es}, 


from muskmelon and cucumber. however. it was found 


intensity On testing isolates of tobacco ringspot 


that about 144 of the seedlings were susceptible, dis- 
playing the well-known type symptoms: large local 
lesions (2, 3). followed by systemic invasion and 


ultimate death of the plant from top or stem necrosis. 
The remaining plants displayed varying numbers of 


small chocolate-brown lesions resembling cucumber 
mosaic lesions. and almost no systemic involvement. 
The majority of these were able to bear fruit. even 


though inoculated at several different stages of growth. 
Tests on the progeny of these resistant plants showed 
them all resistant to tobacco ringspot 


MATERIALS AND METHODS.—Individual plants were 


indexed for resistance and susceptibility to tobacco 
ringspot virus, and appropriate crosses were made 
with them to determine the genetic basis of the re- 
sistant reaction. Most of the indexing inoculations 
were made with sap dilutions of 1:30 or 1:50 in 
0.01M or 0.1M phosphate buffer at pH 7.0. Inocula- 


tions were made with cotton tipped swabs dipped in 


an inoculum-carborundum mixture and rubbed onto 
carborundum-dusted primary leaves. Most plants at 
inoculation were 11-13 days old. with the primary 
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leaves well expanded and the trifoliate leaves not yet 
followed 


(2, TE 


Inoculation procedures generally 
with 


emerging. 
those described as successful this virus 
Plants were grown at about 75°F on open greenhouse 


benches, in full light without supplemental illumina- 


tion. An isolate from muskmelon of tobacco ringspot 
that resembles Price’s No. 1 in symptoms on cowpea 


and Nicotiana spp. (3) was used throughout the trials, 
Comparative inoculations, made occasionally with iso- 


lates from watermelon (G. S. Pound. University of 
Wisconsin), tobacco (R. W. Fulton, University of 
Wisconsin), tulip (W. J. Hooker. M. S. U.), and 


cucumber, always produced very similar results (Fig. 
1-A). 


individually 


All plants used in the inheritance studies were 
indexed and classified as to resistance or 
susceptibility. 

To obtain P.. r 
and F 


backcross seeds were obtained by transferring appro- 


and F 


plants were allowed to self-pollinate. F, 


seed for testing, parent 
and 


priate pollen to the stigma of hand-emasculated flow- 


ers. Pollinations were begun about 11 weeks after 
inoculation, and seeds matured about 4 weeks later. 
Fifteen plants that appeared highly resistant to to- 


bacco ringspot were grown in the greenhouse and 


used for resistant parent material. A group of suscep- 


tible parent plants were saved and grown to maturity 


by removing inoculated primary leaves as soon as 


reliable symptoms appeared and before the virus had 
Seeds of the 


generation were obtained in 


hecome systemic. resistant and suscep- 
tible parents and the F 
Selfs of the F. 9 
were obtained in the field during the summer of 1957, 
and various backcrosses of F, to parental lines were 
1957-1958. Test 


tions for reaction of the various progenies to tobacco 


the spring of 1957. lines (F, seeds) 


made during the winter of inocula- 
ringspot were begun in October of 1957 and completed 
in April, 1958. 

EXPERIMENTAL RESULTS. in Table 1, the 
entire group of plants from lines previously classified 
as susceptible produced 485 susceptible 
and 0 resistant. The resistant lines all proved homo- 


As shown 
individuals 


zygous for resistance, with 350 resistant and 0 suscep- 
tible. The F 26 135 
resistant to 0 susceptible. The F,, ratio, based on field 
selfs of 14 F, progenies, was 600 resistant to 195 
the 


ratio from combinations was 


susceptible. Backcrosses to susceptible parents 
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reactions of Black cowpea to tobacco ringspot virus. A) [—R. isolates from muskmelon, 
a susceptible line. B) Backcross to susceptible parent. Segregation for 
and for F; types without top necrosis. C) Backcross to resistant 


DEF) Segregating types in an F. popula- 


Fig. 1. Local-lesion 
cucumber, tobacco, watermelon, and tulip on 


type of local lesioning with top necrosis, 
arent and F, types both present. 


) resistant, and susceptible. 


susceptible 
parent. None susceptible, but resistant | 


tion: homozygous resistant, heterozygous (fF 
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TaBLe 1. Observe atios of tobacco ring from a single heterozygous individual of unknown 
spot resistance in Bla vpea selfs and backcrosses — origin. The ratio obtained on a group of plants repre. 
“ae Sascentibl senting a second increase of the original seed was so 
close to that expected for F, that no other explanation 

Generation Expectes Obse1 Expected Observed 

: seems apparent. 

* swag oe ae _ An attempt was made to distinguish between hetero. 
F 135 0) 0) zygous and homozygous resistant individuals in the 
I 196 601 199 195 segregating generation. In general, homozygous plants 
Be P 84 bo 84 66 were characterized by very small lesions in smal] 
BC I al : r . numbers, whereas heterozygous plants had consider. 
*187 resembling P. and | the | ably more lesions of a size approaching the susceptible. 


produced 86 susceptible and 83 individuals resembling 
(Fig ] B) Bac ke rosses to the 


187 resistants of the parent type 


the F. in resistance 
resistant parent gave 
and 137 resistants of the | ty pe None were sus- 


ceptible. 


The resistant plants had from few to many small 
local lesions, and lacked stemic infection undet 
ordinary conditions; — the ceptibles had typically 
large lesions and necrosis of the tops 

To estimate the segregation of the resistance factor, 
inoculations were made on various F,, plants of rela 
tively uniform size and condition. The plants classi 


fied as resistant were arbitrarily separated into hetero 


and homozygous groups by comparing the 
severity of lesioning with that of known Ff 


1-DEF 


cumbed to 


7zvygzous 
's inoculated 
at the same time (Fig (An occasional plant 
with the F, appearances systemic in- 
vasion and top necrosis ind was grouped with the 


susceptibles. An observed ratio of 309 resistant to 
134 susceptible was 
333:111. The 


susceptible is about as expected 


obtained from a_ theoretical 
(both 


Howeve I 


ratio oft resistant classes) to 


he cause 


of the difficulty in making a_ precise separation into 
the two resistant classes (F, and parental). reliable 
data could not be obtained or heterozygous versus 
homozygous plants. It was also noted that the number 
and size of lesions were variable Several conditions. 
still to be prec isely defined ippeared to affect local- 
lesion reaction materially. Preinoculation light condi- 


tions and temperature are probably both involved, but 


factors of host nutrition may also be important. 
Part of the original cowpea seed lot from which 
resistant individuals were selected for study was mass- 


selfed in the greenhouse without selection for disease 


reaction. The progeny were used in an atte mpt to 
trace the acquisition of resistance. Inoculation with 
tobacco ringspot produced a ratio of 298 resistant and 


179 susceptible phenotypes. It is interesting to note 
that the F.. of a single cross would segregate to exactly 


that ratio. 


Disc USSION, The genetic ratios obtained represent 
a near perfect fit for inheritance of a single gene 
dominant for resistance The resistance to tobacco 


ringspot found in our seed stock apparently originated 


type lesions. Individual intergradations in appearance 
made it difficult to categorize precisely for 


Heterozygous individu- 


heterozy- 
gosity of the resistant factor. 
als generally did not develop top necrosis. but a few 
more slowly than susceptible 


succumbed, although 


plants. It appears that resistance is not in the form 
of immunity, but is actually 


modifiable by the 


a pronounced hy persen- 


sitivity environment. since non- 


segregating inbreds of the resistant type are also 
variable in the numbers of local lesions produced. 

\ search of the literature has revealed no report of 
a ringspot resistance in cowpea such as reported in 
this study. The hypersensitive reaction is expected to 
be useful in environmental studies since it appears 
to be much more responsive than the usual susceptible 
reaction. The resistant reaction of cowpea to cucum- 
ber mosaic giving local lesions is well known. but its 
systemic mottle 


The mode of inheritance appears to be identi- 


analagous susceptible reaction is a 
(5. 6). 
cal with that of resistance to cucumber mosaic (6), 
but preliminary tests indicate that the ringspot re- 
sistance is independent of the resistance to cucumber 
mosaic. 
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XYLEM FORMATION AS A FACTOR IN OAK WILT RESISTANCE! 


Donald F. Schoeneweiss? 


SUMMARY 


Examination of microtome sections from branches 
of artificially and naturally infected white oaks 
disclosed a type of resistance to oak wilt. Bands of 
large. open xylem vessels, formed external to bands 
of plugged springwood vessels during the growing 
season in which foliar symptoms appeared, and 
annual rings formed in succeeding years, were not 


invaded by the pathogen. Pin Oaks treated with 
Vancide 51 that had symptoms similar to those on 
wilting white oaks, formed a broad ring of pre- 
dominantly open vessels almost identical to the 
bands in diseased white oak. This may be a chemi- 
cally induced resistance similar to the natural re- 
sistance of white oaks. 





[NTRODUCTION.—Symptoms of oak wilt disease, in- 
cited by Ceratocystis fagacearum (Bretz) Hunt, have 
been observed in Ohio to be quite different on mem- 
bers of the red and black oak group than on members 
of the white oak group. Red. black, scarlet. and pin 
oaks usually succumb rapidly, diseased trees often 
dying within 4-10 weeks of inoculation. White oaks, 
on the other hand, commonly have scattered foliar 
symptoms and may live for several years. Parmeter. 


Kuntz. and Riker 


Wisconsin: red and pin oaks wilted rapidly and died 


reported a similar phenomenon in 


within a single growing season, whereas bur and white 
oaks had foliar symptoms on scattered branches and 
often survived for more than one year, some actually 
recovering from the disease. In histological sections 
external to the 


When 


the new annual rings were not invaded, the diseased 


new annual rings were observed 


plugged xylem vessels of diseased bur oaks. 


areas of the xylem were buried and the pathogen died. 
Of 365 wilting red oaks from which the pathogen was 
isolated in 1952-1956, according to Jones. only 3 
trees were still alive in 1957 and all three had foliar 
symptoms that year. Of 97 white oaks found to be 
diseased in 1952-1956. 26° were living but had wilt 


¢ 


symptoms in 1957, 19° were dead, and 55° were 
alive with no wilt symptoms. 

Plugging of xylem vessels by gums and tyloses is 
considered by many workers to be the principal cause 
of foliar wilt symptoms. If this is true, examination of 
histological sections should reveal some differences 
between diseased red and white oaks in the pattern 


of vascular plugging. 
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The present work was undertaken to study the 
morphological basis, if one exists, for the greater 
resistance of white oaks to oak wilt. 

MATERIALS AND METHODs.—Histological sections of 
oak branches were cut, at 40 yu, with a sliding micro- 
tome. Since woody sections tend to curl and split 
while being cut, a steam-generating apparatus was 
attached to the microtome so that a jet of live steam 
could be directed onto the surface of the sample being 
sectioned, as suggested by Johansen.® This served the 
dual purpose of softening the wood for easy cutting, 
and preventing the development of air bubbles in the 
Sections were flooded with 1° aqueous 
solution of Safranin O for 20 seconds, rinsed with 
distilled water, flooded with 1°% Picro-Aniline blue 
for 20 seconds, and rinsed with distilled water until 
the excess stain was removed. Xylem tissues stained 


sections, 


red, phloem tissues orange, cork tissues brown, tyloses 
brownish-yellow, and gums and resins dark red. 
OBSERVATIONS AND RESULTS.—Several five-year-old 
placing drops of a 
conidial suspension of the oak wilt pathogen in a cut 
on the bole of the tree. Inoculations were made on 


white oaks were inoculated by 


May 8. 1957, and scattered foliar symptoms appeared 
1 month later, but the trees remained alive throughout 
the season, as often happens with diseased white oaks. 
When branches from these trees were sectioned, a 
clearly defined band of vessels had formed external 
to the band of plugged springwood vessels (Fig. 1-A). 
Examination of tangential sections disclosed open 
xylem vessels in the external band, formed later in the 
season, with extensive plugging in the underlying 
springwood (Fig. 1-CD). The current annual ring of 
xylem tissue appeared normal in transverse sections 
of healthy white oaks of the same age (Fig. 1-B). 
Examination of several branches from the inoculated 
white oaks on which no symptoms appeared estab- 
lished that both outer bands, constituting an annual 
ring, were formed during the same growing season. 
The literature disclosed no previous report of this 
phenomenon. 

Symptoms on the artificially inoculated white oaks 
were similar to those found on naturally infected 
trees, ie. the progress of the disease was considerably 
slower than in red or pin oak, not all branches had 


Johansen, D. A. 1940. Plant Microtechnique. McGraw- 
Hill Book Co., New York. 523 p. 
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counts, disclosed that although 37-777 of the vessels 


suckering occurred, and the 
in the plugged bands contained tyloses, less than 1% 


symptoms, considerable 


trees were still alive at the end of the season even if 


inoculated in the early spring 


the apparently healthy xylem formed external to 


contained tyloses in the open bands, indicating re. 
striction of the pathogen to the plugged bands. The 


> 


pathogen was isolated from all 3 white oaks at the 


To determine whether 


plugged vessels was an isolated phenomenon or oc- 


from 3 naturally infected time of symptom appearance. but in at least one case 


curred in nature, branches 
the pathogen could not be reisolated in succeeding 


white oaks on which symptoms had appeared within 


the last three years were sectioned and examined. In — years. 
In field trials of systemic chemicals. a seven-year-old 


pin oak was treated with 1500 ml of 1000 ppm Vancide 
51, applied as a bole injection, and inoculated 2 days 


each case. a broad band of open vessels was found 


external to a band of plugged vessels, both bands 


being formed during the growing season in which 


(Fig. 2). later, on August 9, 1956. The first foliar symptoms 
appeared in 43 days. but the tree lived throughout 
1957. Foliar symptoms in 1957 were scattered. and 


been recorded 


symptom appearence had 
Calculation of the percentage of vessels containing 


tyloses in the plugged and open bands, based on actual 
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Fig. 1. Resistance in artificially inoculated white oak. A) Transverse section through a branch of white oak inocu- 
lated on Section made on 3/8/58. «10. B) Transverse section through a branch of healthy white oak, x 10. 
C) Tangential section through band a of inoculated white oak showing plugged vessels, *11.5. D) Tangential see- 
tion through band 6 of ino ted white oak showing open vessels, 11.5. 
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Fig. 2. Resistance in naturally infected white oak. A 


transverse section through a branch of diseased white oak 


; 58. Double band formation is apparent in the third annual ring. 11.5. 


sectioned on 5/9 


many suckers appeared, resembling a diseased white 
oak. Transverse sections from branches of this tree 
disclosed a ring of open vessels almost identical to 
the bands of open vessels found in white oaks. Fur- 
ther investigation disclosed that this ring was not 
formed in 1956, but was the entire xylem growth of 
the 1957 season. In tangential sections made through 
the new growth. open vessels were predominant, 
although many more tyloses were found than in the 
open bands in white oaks. suggesting probable in 
vasion by the pathogen or a diffusion of its metabolic 
products into at least some of the new growth. This 
type of growth ring was not observed in transverse 
sections of healthy pin oak. Examination of sections 
from a pin oak treated with Vancide 51 and inoculated 
in 1957 disclosed a growth pattern the same as that 
observed in the 1956 tree. Both trees were still alive 
in July. 1958. with scattered symptoms present. 
Discussion.—The formation of bands of open xy- 
lem vessels external to bands of plugged springwood 
vessels during the same growing season in white oaks 
infected by the oak wilt fungus is a phenomenon not 
previously reported. The absence of gums and tyloses 
in these open bands is evidence that the pathogen is 


restricted to the plugged bands of springwood; in at 


least one case the pathogen could not be reisolated in 
succeeding years following symptom appearance. A 
sharp line of very small cells is formed between the 
infected vessels and the apparently healthy tissues 
formed later in the season. This line of cells may 
n isolating the pathogen from the 


serve as a barrier 
newly formed tissues and may be considered, in white 
oak, a type of resistance to oak wilt. The cause of 
this double band formation is not known, but it ts 
undoubtedly promoted by the pathogen or a metabolic 
product of the pathogen, since no double bands were 
found in trees containing wound-induced tyloses only. 

Since pin oaks treated with Vancide 51 are still 
alive several vears after inoculation. and a wide band 
of predominantly open vessels was found as in white 
oak. the formation of this band may be thought of 
as a type of resistance in pin oaks induced by the 
application of Vaneide 51. Further experimentation 
with Vancide and related compounds may lead to the 
development ol a practic al control measure for oak 


wilt. 
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POX VIRUS 


a 


IN ROYAL APRICOT 


nd H. E. 


Thomas? 


SUMMARY 


A NEW STRAIN OF RING 
Ceorge Nvland 
\ graft-transmissibl se is reported on Royal 
apricot, with leaf, fruit ind (sometimes petiole 
symptoms resembling pricot ring pox. Fruit 
symptoms consisted of dark rings, ares, and spots 


ich more 


pox on other varieties. The disease is 
in Royal than in Tilton. The resemblance to apricot 
ring pox suggests that this disease may be caused 
a new strain of ring pox virus that is capable 
of inducing symptoms on Royal. 


more severe 


by 





of necrotic tissue superficial than ring 

\ disease of Royal Blenheim ipricot in the Niles 
area Alameda County. California) was called to our 
attention in May. 1954. It resembled apricot ring pox 
as described in the literature on Tilton and some othe1 
apricot varieties (1 Symptoms of ring pox have 
not previously been described Royal. although this 
variety has been reported as a symptomless carrier 
(3). Since the disease on Royal in the Niles area 
showed similarities to trains of peach mosak 
on Roval in southern California, transmission tests 
to peach were immediat tried. but no symptoms 
were produced. Consider the similarity of the 
symptoms of the Royal disease to those of apricot 
ring pox. this virus may be a strain of apricot ring 
pox virus that is capable inducing symptoms on 
Royal. 

SYMPTOMS Leaf symptoms of the disease on Royal 
apricot consist of chloro pots, usually becoming 
necrotic alter a time ind | patterns and chlorotic 
rings in various forms. but more or less irregular and 
angular in shape. The most conspicuous symptoms in 
ino ulated Tilton were chloroti ireas and subsequent 
shotholing. and in Royal. despite considerable tatter- 
ing and shotholing. chlorotic lines and rings and line 
patterns (Fig. | Symptor were most severe on 
leaves produced In earts Le ives produced in 
late spring and summer were symptomless at Davis. 
California. In Alameda County and Berkeley. how- 
ever, symptoms were produced on summer leaves as 
well as on leaves prod irlier. In the 1958 season 
at Davis. when leaf symptoms were especially severe. 
inconspicuous petiole symptoms also occurred: small. 


lesions that caused 


This 


scabby 
slightly. 


etioles to twist and curve 


symptor was not In ill diseased trees, 


and was more apparent in Royal than in Tilton 

Fruit symptoms varied in severity in different vears. 
They were more conspi is at Davis than in the 
Niles area. At Davis. symptoms on the fruits began 

show about the middle of April. The first evidence 
of fruit lesions was small. water-soaked spots. ares, 
or rings in the epidermis. enlarging with the fruits 
and becoming reddish-brown or purple (Fig. 1) 
As the season advanced the hecame necrotic and 
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fig. I. Leaf and fruit symptoms of a Royal strain of 
wun ring pox virus. A) Royal: B) Tilton 
scabby. In some the scabby tissue shrank away or 
dropped out, leaving superficial pits. Most spots and 
rings were superficial, blemishing only the surface. 
\s the fruit colored, many of the blemishes became 
difficult to detect. Others remained fairly conspicuous, 
giving the fruit a “dirty” appearance. The fruit 
symptoms were much milder and more superficial 
than the symptoms of typical apricot ring pox. Symp- 
toms were generally milder on Tilton fruits than on 
Royal. 

TRANSMISSION TESTS.—Transmission was first at- 


from 


1954, 
At Davis. buds and bark chips were 


tempted on May 7. affected orchard trees 


of Royal apricot. 
set in apricot trees of Royal and Tilton and in peach 
trees of the varieties Elberta. Rio Oso, and J. H. Hale: 
at Berkeley. grafted to seedlings 


growing in 


=« ions were each 


pots in a greenhouse. Leaves on shoots 


that had developed from inoculation buds and scions 
showed typical symptoms in 1955 at Davis and Berke- 
In April, 1955, 


symptoms on a few 


ley. one Royal tree at Davis showed 


fruit 
No further evidence 


leaves on a spur near an 


inoculation point. of transmission 


was obtained that year. In 1956. characteristic and 
abundant symptoms were produced in all apricot trees 
inoculated in 1954. Symptoms were evident 6-8 feet 


above inoculation sites in the main branches of Royal 
trees. but only 2-3 feet from inoculation sites in Tilton 
3 
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June, 1959 LUKENS: 
trees. In Royal (Blenheim) trees, symptoms were 
evident within 6 in. of the actively growing shoot 
terminals in May. By 1957, symptoms showed through- 
out the Royal trees in leaves and fruits, but symptoms 
in Tilton were still restricted within 6 feet of inocula- 
tion sites. No symptoms were seen on any of the 
inoculated peach trees in 4 years. 

Additional transmission tests to apricot were made 
in 1955 and 1956. In each case, evidence of trans- 


mission was obtained in the second growing season 
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after inoculation, which is typical for ring pox. 
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CHEMICAL AND BIOLOGICAL STUDIES ON A REACTION BETWEEN 
CAPTAN AND THE DIALKYLDITHIOCARBAMATES'? 


Raymond J. Lukens? 


SUMMARY 


Captan—\ (trichloromethylthio ) -4-cyclohexene-1, 
2-dicarboximide—will react with sodium dimethyl- 
dithiocarbamate (NaDDC). Captan is destroyed. 
NaDDC is converted to tetramethylthiuram disulfide 
(TMTD) and _ tetramethylthiuram monosulfide 
(TMTM). Chloride ion and carbon disulfide are 
produced, but no hydrogen sulfide has been de- 
tected. The reaction mixture is as toxic as NaDDC 
to the growth of Saccharomyces pastorianus. The 
toxicities of NaDDC, TMTD. and TMTM were 
consistent with expected concentrations of these 
materials in the reaction mixture. Zn(DDC)> and 
Fe(DDC)s react with captan in the same manner, 


but much more slowly. The reaction of DDC” with 
captan appears to be similar to that of other 
sulfhydryl! compounds. Bis(dimethylthiocarbamyl) 
trithiocarbonate, an addition product of DDC” and 
the thiocarbonyl fragment derived from captan, 
probably is formed and then is decomposed to 
TMTM and carbon disulfide. However, the inter- 
mediate compound is too unstable to be detected. 
Thus the DDC portion contributes a sulfur atom 
to the carbon disulfide resulting from this decom- 
position. Yeast cells may act like DDC in that 
they may contribute sulfur to the carbon disulfide 
produced when they are treated with captan. 





V (tri- 


chloromethyhthio ) - 4-evclohexene-1.2-dicarboximide—to 


Sulfhydryl compounds react with captan 


destroy its fungitoxicity (5). In this reaction the 
dialkyl dithiocarbamates may produce sulfhydryl-con- 
taining compounds or their corresponding ions. Be- 
cause captan might be mixed with fungicides of this 
type. it is Important to know if these compounds react. 
If so. are the products of the reaction as fungitoxic as 
the reacting materials? 

MATERIALS AND METHODS.—Chemical studies.—So- 
dium dimethyldithiocarbamate (NaDDC) was chosen 
as the form of the alkyldithiocarbamate because it 
readily ionizes to form DDC ions. Reerystallized cap- 
tan was generously supplied by the California Spray 
Chemical Company. Moorestown, New Jersey. Ziram 
(Zn(DDC),) and ferbam (Fe(DDC).) were made by 
precipitation of the metal salts upon addition of the 
metal sulfate to an aqueous solution of NaDDC. 
Stauffer Captan 50W Zerlate (76° 
ziram). and Fermate (76° ferbam) were used in 


(source 1956). 


experiments employing commercial formulations. 
Chloride ion was determined by the Volhard method 
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(7). Captan and NaDDC were dissolved in ethyl- 
acetate and stirred for 1 hour. Essentially all of the 
chloride ion was recovered in the precipitate. The 
precipitate was dissolved in 40 ml of water, and 3 
aliquots were analyzed for chloride ion. Aqueous 
or Fe(DDC). 
were aged 4 days on a shaker at 30°C. Triton B-1956, 
0.02% was added to the mixture to improve the 


suspensions of captan and Zn(DDC), 


wetting properties. The supernatant was adjusted to 
100 ml, and 3 aliquots of 25 ml each were analyzed 
for chloride ion. Aqueous suspensions of Captan 50-W 
and Zerlate or Fermate were shaken 8 days at 30°C. 
The supernatant was analyzed for chloride ion as in 
the earlier experiment. 

Carbon disulfide and hydrogen sulfide were respec- 
tively collected in Viles’ reagent (8) and zine acetate 
solution from the reaction of captan and NaDDC in 
95° ethanol. The resulting gases were collected for 
+ hours. Copper dimethyldithiocarbamate in Viles’ 
reagent was determined in a Coleman colorimeter at 
130 my. and hydrogen sulfide was determined iodo- 
metrically in zine acetate. 

One millimole of captan was suspended in 100 ml 
of 30° ethanol buffered (pH 6) with 0.5 millimole 
potassium phosphate, and 4 millimoles NaDDC were 
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reaction 
4 white 


was removed by centrifuga- 


l-hour 


After 


products were separated. 


added to the stirred suspension 
time, the organi 
precipitate (precipitate 1) 


ethanol. The yellow 


tion and washed with 95 super- 
natant was distilled in vacuo to remove the ethanol, 
whereupon a yellow precipitate appeared. This was 


redissolved in ethanol and filtered. and. upon evapora- 


needle crvstals 


tion of the solvent. vellow were re- 
covered (precipitate 2 The pale-yellow aqueous 
phase remaining was extracted 4 times with ethyl- 
acetate. The water fraction containing sodium chlo- 
ride and phosphate salts was dis« arded The yellow 
ethyl acetate fraction was extracted 4 times with 10% 
sodium carbonate and dried down, and yellow needles 
were recovered. This fraction is the same as _ pre- 


cipitate 2, which probably contained unreacted 


NaDDC. 


and 


some 
fraction was acidified. 
The 


The ethylacetate fraction 


The sodium carbonate 


extracted 4 times with ethylacetate water 


fraction was discarded was 
dried down and designated precipitate 3 

Ultraviolet absorption spectra were determined with 
the Beckman DI 
chromatography 
The 
(10:10:1 by 


(Ascending paper 
Whatman 


ethanol 


spec trophotome ter 


technique was used with 


#1 paper. developing solution was 


water-ammonia volume ) 




















Melting points 
were determined with Fisher-Johns melting-point 
apparatus. 
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Fig. 1-2. Fig. 1. Ultraviolet absorption spectrum of 
the reaction mixture of 0.1 millimole of captan and 0.4 
millimole of NaDDC in 95% ethanol. The solutions were 
diluted 1:10 with 95% ethanol before ultraviolet-absorption 
measurements were mace Curve A) 0.4 millimole of 
NabDbD¢ B) 0.1 millimole of captan plus 0.4 millimole of 
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Biological studies.—The toxicity of the various com. 
pounds and the mixture of NaDDC and captan were 
determined on Saccharomyces pastorianus Hans. Ap. 
propriate stock solutions of the compounds were made 
in 95° ethanol. Two-tenths ml of the stock solution 
was diluted in 20 ml total volume of experimental 
culture. The cultural medium was the same as that 
of Lukens The initial 
0.058 mg (dry wt.) per ml was taken from rapidly 
The test cul- 
tures were incubated on a shaker in a water bath at 
56°C. 24-hour-old 


read on a colorimeter 


and Sisler (5). inoculum of 


growing cells of a 24-hour-old culture. 


cultures 
the 


Optical density of was 


Coleman using 170 my 
wave-length filter. 
RESULTs. 


ultraviolet 


NaDDC has a charae- 
that 
pears when it is mixed with captan (Fig. 1). 


Chemical studies. 


teristic absorption spectrum disap- 
There 
is evidently a reaction between these two fungicides, 
Chloride (Table 1) that 4 


NaDDC almost completely decompose 1 mole captan 


analyses indicate moles 
Thus, like other sulfhydryl compounds, 
NaDDC reacts with captan. 


During the reaction, the odor of carbon disulfide 


in | hour. 














was detected. From a reaction of 110° mole captan 
and 410° mole NaDDC. there evolved 0.46 10° 
mole carbon disulfide in 4 hours. The sources of 
carbon disulfide in this reaction will be considered 
1.0 oT T T T | U 
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NaDDC after 1 hour. Fig. 2. Ultraviolet absorption spec- 


trum of precipitate 2, obtained from the reaction of captan 
and NaDDC in 30% ethanol, compared with TMTM. The 
points represent the spectrum of 10 ppm precipitate 2 in 


95°% ethanol. 
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Taste 1.—Release of chloride ion in the reaction of captan 
and NaDDC in ethylacetate 


Moles of chloride ion per mole 


Captan* to NaDDC 
of captan in | hour 


(molar ratio) 
0 0.04 
0.75 


Vive wn — 
nN 
_- 


*Qne-tenth millimole of captan was used in each sample. 


NaDDC sodium dimethyldithiocarbamate. 
later. No hydrogen sulfide could be detected. 


The organic compounds isolated from the reaction 
mixture were identified in the following manner. The 
melting points of precipitate 1, of tetramethylthiuram 
disulfide (TMTD) and of a mixture of the two were 
all in the range 143-145°C (Table 2). Moreover. the 
ultraviolet absorption spectrum of the precipitate was 
the same as that of TMTD in a 95% ethanolic solution 
of 10 ppm of the samples. Precipitate 1 is therefore 
considered to be TMTD. 

Precipitate 2 was identified as tetramethylthiuram 
monosulfide (TMTM) (Table 2: Fig. 2) in the same 
manner. Moreover, the infrared absorption spectrum 
was the same for precipitate 2 and TMTM. The Rf 
values of precipitate 2 and TMTM were compared by 
chromatography in a_ developing 

(10:10:1 by vol- 
When a mixture of 


ascending paper 
solution of ethanol-water-ammonia 
Both had a value of 0.8. 

the two compounds was chromatographed, only 1 spot 
(Rf 0.8) was detected under ultraviolet light. These 
spots were eluted and the ultraviolet absorption of 
their solutions were similar to those reported in Fig. 2. 
(100-104°C.) 


ume}. 


The melting point of the precipitate 


was lower than that of TMTM (106—-107°C.). which 
suggests that precipitate 2 is TMTM, because the 


(104—105°C,) 
that of the precipitate. The mixture was evidently 
purer than the precipitate alone. TMTD and TMTM 
are apparently products resulting from the reaction 
of NaDDC and captan. 

The melting point of precipitate 3 and its mixed 


mixed melting point was higher than 


melting point with tetrahydrophthalimide are 133 


134°C. (Table 2). Because the mixed melting point 


Taste 2.—Melting-point determinations of materials ob 
tained from the reaction of captan and NaDDC with 
known compounds 


Melting point 


Sample es, 
Precipitate | 143-145 
'MTD 145 
Mixture 143-145 
Precipitate 2 100-104 
TMTM 106-107 
Mixture 104-105 
Precipitate 3 134 
letrahydrophthalimide 134 
Mixture 133-134 
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TaBLe 3.—Toxicity of captan plus NaDDC (1:4 molar 
ratio) to Saccharomyces pastorianus in liquid shake 
culture 

% growth inhibition at various 
doses at 24 hours 
Treatment* x 3.3x 6.7x 10x 100x 
Captan” ll 21 27 25 96 
NaDDC‘ 33 91 98 100 95 
1:4 Molar ratio“ 32 93 99 100 99 


*The final concentration of the solvent in the culture 
was 1%. 

"x dose of captan was 310° molar. 

“x dose of NaDCC (sodium dimethyldithiocarbamate ) 
was 1210 molar. 

“x dose of 1:4 molar ration was captan 310° molar 
and NaDDC 12x10° molar. Captan and NaDDC were 
mixed in 95% ethanol and after 1 hour were added to the 
culture as noted in footnote a. 


was the same as that of the two samples, precipitate 3 
is considered to be tetrahydrophthalimide. 

When NaDDC is held under conditions similar to 
those of the experiment, no TMTD or TMTM can 
be detected. 

The extent to which the reaction of captan and 
Zn(DCC), or Fe(DDC) 
mined. First, 0.5 millimole of captan was suspended 
with 2.0 milliequivalents of Zn(DDC), or Fe(DDC), 
in 50 ml water. In 4 days, 11.0% of captan decom- 
posed with Zn(DDC), added, 5.1% with Fe(DDC), 
added, and 2.8° without additions. In a second ex- 
periment, 1 g Captan 50W was suspended with | g 
Zerlate or 1 g Fermate in 50 ml water. In 8 days, 
8.0° of captan decomposed with Zerlate added, 4.0% 
with Fermate added, and 2.0° without additions. At 
the termination of the experiments, the pH was about 


occurs in water was deter- 


5.0 in all mixtures. 

Biological studies.—lt was of interest to determine 
the effect of the reaction on the fungitoxicity of the 
The fungicides were mixed in etha- 

hour before being added to 
The reaction products are ap- 
parently as toxic to S. NaDDC 
(Table 3). The toxic effects due to captan are ob- 
scure in the reaction. 


two fungicides. 
nolic stock solutions | 
the cultural medium. 

pastorianus as is 


The toxicities to S. pastorianus of captan, NaDDC, 
TMTD, TMTM. and precipitates 1 and 2 were com- 
pared. From LD 50 values on a molar basis from the 
data in Table 4 (captan,. 6107 molar; NaDDC 
6x10°7; TMTD, 410° molar; and TMTM, 14x10" 
molar), captan and NaDDC are found to be equally 
toxic, with TMTD more toxic and TMTM less toxic. 
However, all of the dithiocarbamates have a steeper 
dosage-response curve than captan. NaDDC and 
TMTD exhibited. slightly, the zone of inversion re- 
ported for NaDDC by Goksyr (2) and for TMTD by 
Dimond et al (1). When media containing precipitate 
1 or TMTD were inoculated with yeast and examined 
after 48 hours. no growth was observed in cultures 
containing 0.3 or 3 ppm of either sample, but a con- 
centration of | ppm permitted growth about equal to 


that of the control. The inversion zone would possibly 
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TABLE 4. Toxicit to Sacche es pastortianus in itquid 
shake culture oO capta VaDDC, precipttate l, 
TMTD, precipitate 2, an TMTM at various con 
centrations 
th inhibition at 24 hours 
Concentrations“ Cay Ppt Ppt 
(ppm) tan Nal l IMID 2 r'MT™M 
0.01 1] 0) > *) 
0.02 8 i 88 
0.03 21 | Qi 9% 6 4 
0.1 h] d LOO 100 3 24 
0.3 | 1M 100 LOO OS 61 
1.0 99 9 98 99 100 100 
3.0 100 100 100 100 LOO 
Molecular weight 00 3 240 208 
‘The fungicides were add to 95 percent ethanol. The 
final concentration of the ent in the culture was |] 


percent 
: Prec ipitate 


small ine concentration 


be more evident if rements in 
of NaDDC or TMTD were taken on either side of 
]1 ppm. 

The toxicities of precipitate | and TMTD are simi 
lar. if not identh il is tne, would be if rMTD is 
formed in the reaction. In the case of precipitate 
and TMTM. the toxicities are quite similar, but pre 
cipitate 2 is more toxic at partially inhibitory con- 
centrations. This may be caused by a trace of NaDDC 


or TMTD in the precipitate On the whole. the bio- 


logical data are in agreement with the chemical data 
suggesting that TMTM is formed in the reaction. 
DISCUSSION The proposed pathway for the reac- 


tion between captan and NaDDC is as follows 


(1) captan NaDDC — Na-tetrahydrophthalimide 
NaCl rMTD thiophosgene 
(2) thiophosgens 2 NaDbDe > 
~ ~ ~ 


(Ceh.). N— 5 —( 5— N(CH 
2 NaCl 
os o ~ 
(3) [(CH.). N— —f Sf N(CH. ) > 
TMTM + CS 
This Is similar to that pr posed for the reaction be- 
tween captan and cysteine ) In contrast to cysteine 


thiophosgene has only 1 


DDC. In this case. the addition product is, therefore. 
an open chain instead of a ring addi 
tion product, bis (dimethvlthio« irbamyl) trithiocarbon- 
detected 


available reaction site on 


compound The 


ate is probably unstable. because it was not 
and TMTM was recovered 
TMTM 


of this addition product 


from the reaction mixture. 


is probably formed from the decomposition 
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disulfide three 


decomposition of 


Carbon may arise from possible 
DDC” ions. 2) thio 
phosgene, and 3) decomposition of the addition prod. 
All of the sulfur 


thought 


sources: l) 


uct from thiophosgene and NaDDC. 
in carbon disulfide was previously to arise 
from the sulfur of captan when it reacts with sulf. 


The recovery ot TMTM from 


the reaction mixture of captan and NaDDC indicates 


hydryl compounds (5). 


that part of the sulfur comes from the sulfhydryl] 
compound after an unstable addition product is formed 
sulfhydryl 
\ portion of the carbon disulfide formed 


by the combination of thiophosgene with a 
‘ ompound. 


in yeast cells treated with captan (5). might arise 
from an unstable addition product of a sulfhydry] 


S 

rf 
group of the cell and the thiocarbonyl group ( C ~) 
derived from the decomposition of captan. 

Why is hydrogen sulfide not detected as a reaction 
product?’ Thiophosgene should give rise to HS from 
a secondary reaction with water. However. the HS 
<o liberated might never appear. because it can react 
readily with other components of the system: captan, 


NaDDC. and possibly TMTD. 


been found to react with captan in a manner similar 


Hydrogen sulfide has 


to other sulfhydryl compounds (unpublished data). 

When NaDDC is converted to TMTD and TMTM 
by captan, toxicity of these compounds toward veast 
NaDDC. The 


inversion phenomenon displayed by NaDDC. 12 10° 


equals or exceeds the toxicity of pure 


molar (Table 3), is less pronounced in the reaction 
mixture. A reduction in concentration of DDC” ions 
by the reaction would account for this effect. 

PMTM is quite toxic to growing yeast cells. Klép- 


ping (3) and Klépping and van der Kerk (4) found 
it to be less potent than NaDDC and TMTD. but 


ascribed its toxicity to the formation of DDC” ions. 
found that TMTM hydrolyzes very slowly 
ions, but is removed quite rapidly from the 
fluid by cells. Tests of the ability of 


PMTM to inhibit enzymes in vitro and respiration of 


Gokseyr (2) 
to DDC 
ambient yeast 
resting yeast cells have shown that the fungicide is 
less active than TMTD and DDC metal complexes (2). 
Miller Elson (6) that TMTM is quite 
toxic to growth of fungi and bacteria. Perhaps TMT 
would be a more desirable alkyldithiocarbamate than 
rMTD NaDDC to use in determining the vital 
sites in cells that are affected in the inhibition of cell 
However. TMTM 


in its own right in addition to hvdrolvyz- 


and found 


and 


growth by that group of fungicides. 
tox 
DDC 


for its effectiveness at low concentrations. 


may be 


ing to ions. This phenomenon could account 


Presumably, when captan is mixed with a metal 


dimethyldithiocarbamate in aqueous suspensions, the 
reaction proceeds slowly because of 1) the low solu- 
bilities of the components and 2) the ionization of the 
dithiocarbamates. If such a combination spray is 
employed in the field, a residual mixture of captan, 


DDC-metal, TMTD, and TMTM 


formed. 


would eventually be 
Such an array of fungicidal potency may be 
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RELATIONSHIPS OF STRAINS 


OF THE BARLEY YELLOW-DWARF VIRUS: 


H. V. Toko and G. W. 


Bruehl 


SUMMARY 


Two vector-specific isolates of the barley yellow- 
dwarf virus were detected among 34 field collec- 
tions tested. Using the apple grain aphid (Rhopa- 
losiphum fitchii) and the English grain aphid 
(Macrosiphum granarium), 32 isolates were trans- 
mitted by both aphids, 1 isolate (from volunteer 
barley) by the apple grain aphid only (AG strain), 
and | isolate (from wild oats) by the English 
grain aphid only (EG strain). Both vector-specific 
strains produce symptoms typical of barley yellow- 
dwarf on oats. wheat. and barley, including mot- 
tling. discoloration, and leaf serrations. Dwarfing 
and suppression of tillering are more severe in AG- 
infected oats and barley than EG-infected plants. 


Cross-protection tests failed to show interference 


between the 2 vector-specific virus entities, even 
when symptoms of the first were visible before the 
second was introduced. When both strains were 
inoculated simultaneously into young oats, no al- 
teration in symptoms over those produced by the 
more virulent AG strain alone was observed. The 
feeding periods of the respective vectors for the 
acquisition and inoculation of the vector-specific 
strains are quite similar. Acquisition feeding of 24 
hours followed by inoculation feeding of 4-8 hours 
is necessary for infection to be more than rare. 
Lengthening either feeding period increases the 
efficiency of transmission by both vectors. All 
nymphal instars and adults* of both aphids are 
effective vectors. 





vellow-dwarf virus has several aphid 


Workers are in agreement that 


The barley 
vectors (7. 14, 15). 
the yellow-dwarf virus is persistent in its vectors (1, 
7. 11. 15). that some strains of the virus are better 

than 


transmission by one grass aphid 


adapted to 
13). that many strains are adapted 


another (9, 10, 12. 
to transmission by several aphid species (3, 7, 13, 15), 
and that there is no interference among strains of the 
yellow-dwarf virus within the host (1, 13) or within 
the aphid study was initiated to 


elucidate barley 


(1). The present 


some of the relationships to the 
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Potato Handling 


vellow-dwarf virus of 2 of the vectors, the English 
grain aphid (Macrosiphum granarium Kirby) and the 
apple grain aphid (Rhopalosiphum fitchii Sand.). 

The observation that trans- 
vellow- 


VECTOR SPECIFICITY. 
mission of a single collection of the barley 
differential by English grain and 
led to the speculation that 


dwarf virus was 
apple grain aphids (12) 
strains of the virus might exist that are adapted to 
transmission by one of these aphids but not by the 
strains. A search for such 
1956, and infected 


Washington 


vector-specifis 
1955 and 


obtained in the 


other. i.e.. 
strains was made in 


counties 


plants were 

Adams (1),° Clark (3), Klickitat (1), Pierce (5), 
Skagit (1), Spokane (10), Walla Walla (1), and 
Whitman (12). 


The plants were dug and transplanted into 6-in. 
pots and assembled in the greenhouse at Pullman, 


Washington. Precautions were taken against spread- 
- - 


*In the case of the apple grain aphid, the term “adult” 
herein applies either to adults reared on the secondary 
host (oats in this case) or to the summer viviparae. 
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ing or mixing the virus in transit The collection was 
periodically fumigated thereafter 

Virus was recovered from these field collections by 
means of virus-free aphids obtained by the method of 
Oswald and Houston (6). The virus-free aphids were 
Fulghum oats 


Several adult 


increased and maintained on healthy 
Koch, C.l. 708). 


placed simultane 


(Avena byzantina 
virus-free aphids of each species 
ously on a source plant. were allowed 36 hours of 
acquisition feeding and then visually separated. The 
adults of each species were placed individually, 1 per 
plant, on 10 plants for each aphid species. Fulghum 


seedlings about 2-4 in. tall were used as assay plants. 


The aphids were killed after a 48-hr. inoculation feed 
ing period. The seedlings were grown and observed 
for subsequent disease development. Each collection 
was tested at least twice in tl manner \phids from 
the stock colony were allowed to feed on check plants 
in each test to make certain they were non-viruliferous. 

The viruses of most of the plant collection were trans 


However. 2 of the 34 original 


virus transmitted by 


mitted by both species 


plants were found infected b 


only 1 of the aphid test species. A volunteer barley 
(Hordeum vulgare | f near Goldendale was 
infected by a strain transmitted only by the apple 
grain aphid (AG strai \ second collection of 
volunteer oats south of Colfax irried a strain trans 
mitted only by the English grain aphid (EG strain) 
The vector-specificity of these collections was 
checked through 6 successive attempted transmissions, 
using 4 adults on each of 20 plants for each aphid 


species in each trial. In no case did the non-vector 


aphid transmit the strain of the other aphid 

A single isolate from near Dusty. Washington. was 
initially transmitted by both aphid species. In later 
tests with this isolate. going back to the original 


collection plant each time smissions by the Eng 


lish grain aphid became rogressively fewer until 
about 4 months after the collection date. when the 
isolate became AG-specif All other collections 
tested for prolonged period in the greenhouse re 
mained readily transmissible by both species 

The question of whether these vector specific entities 
were typical of the yellow-dwarf virus presented itsel{ 
Seed transmission and mec! il transmission failed 
Inoculations were made on several varieties of culti 
vated oats (Avena sat | {. hbyzantina Koch 
wheat (Triticum aest | barley (Hordeum vul 
gare L.). and many grasse | Typical yellow 
dwarf developed on all susceptible hosts. re produc ing 
in detail all the symptoms given by Oswald and 
Houston (6. 7). and no atypical symptoms were seen 
The AG strain was more virulent than the EG strain 
in most hosts. both in greenhouse and field trials 

Vigorous disease development and good symptom 
expression depended on high light intensity and mod 
erate temperatures. as has been noted for barley 
vellow dwarf (1. 8. 1] 16 Prolonged periods ot 

Numbers indicate the number of collections studied 


from each county 
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dense cloud cover. common in winter in the Pacific 
Northwest, were attended by faint discolorations, lack 
of stunting, and even evanescence of symptoms. Peri- 
ods of excessively high greenhouse temperatures that 
accompany brilliant sun were likewise detrimental to 
symptom expression. The full destructive capabilities 
of the two strains were best seen in the field under 
normal light and temperatures. 

The lack of seed transmission, failure of attempted 
mechanical transmission, production of all known 
symptoms on a wide range of hosts, and similar en- 
vironmental responses all indicated that the AG and 
EG isolates could best be considered strains of the 
barley vellow-dwarf virus. 

INTERFERENCE STUDIES.—Cross-protection or inter- 
ference between strains of a virus within a host plant 
has been used by many workers as a criterion of close 
relationship between strains. The vector-specificity of 
the AG and EG strains presented an opportunity to 
test for cross-protection. The first true leaf of Ful- 
ghum oat seedlings in the 2-leaf stage of development 
was inoculated with the less virulent EG strain of the 
means of the English 


barley vellow-dwarf virus by 


grain aphid. The same leaf of the same plants was 
then inoculated with the more virulent AG strain of 
the virus after different intervals: O. 1. 2. 3. 4. 7. and 


14 days. 


viruses inoculated in reverse order. In both. series, 


\n identical series of tests was set up with 


1 plants were used for each inoculation time. and each 
series Was repeated 1 times. 

(As a check series. aphids of both species were fed 
on the source plants infected with single unmixed 
vector-specific strains, and transferred to seedlings. 
These plants were used to determine whether or not 
These 


fected plants were also used in making symptom com- 


the vector-specificity still existed. singly-in- 
parisons with those of the interference series. 
Recovery of virus from the plants inoculated with 
both vector-specific strains of the vellow-dwarf virus 
was attempted 3 weeks after the plants had been 
virus strain. In all 


18-hr. 


acquisition and inoculation feeding periods. In both 


inoculated with the challenger 
recovery attempts. the aphids were allowed 


inoculation and recovery feedings. the aphids were 


confined to specific leaves by the use of small cages 
similar to those described by Eide and McLean (5). 

No apparent interference occurred between the 
vector-specific virus strains (Table 1). The number 
of plants from which both strains could be recovered 
did not differ, whether the less virulent EG) strain 
was inoculated before or after the AG strain. 


Continued transmission of the two virus strains in 
showed that the 


relationship of the two virus. entities 


the manner previously described 
vector-strain 
still persisted, either in mixed or singly inoculated 
plants. The strains remained vector-specific. 

Sixty days after inoculation with the challenger 
virus strain, the symptoms typical of the AG strain 
dominated in all plants that had been inoculated with 


this strain first. In addition, the symptoms of this 
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TaBLe 1. 


oculations separated by different periods 
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Recovery of the AG and EG strains of barley yellow-dwar/ virus from various leaves of plants following in- 


Virus recovery 21 days after last inoculation 


Inoculated virus Rl Inoculated leaf* 
Initial Challenger inoculations AG EG 
Both 0 15/16 12/16 
AG EG ] 16/16 13/16 
EG AG l 15/16 12/16 
AG EG 2 10/16 12/16 
EG AG 2 12/16 12/16 
AG EG 3 15/16 14/16 
EG AG 3 16/16 15/16 
AG EG 4 12/16 14/16 
EG AG } 13/16 11/16 
AG EG 7 16/16 12/16 
EG AG 7 15/16 13/16 
AG EG 14 15/16 12/16 
EG AG 14 16/16 14/16 
AG None 10/10 
EG None 8/10 
Che k 0/16 0/16 


“First true leaf. 


Leaf 3 Leaf 5” 
AG EG AG EG 
14/16 12/16 
16/16 11/16 
15/16 12/16 
10/16 11/16 
12/16 12/16 
16/16 14/16 
15/16 14/16 
14/16 13/16 
16/16 14/16 
9/10 7/10 15/16 12/16 
10/10 8/10 15/16 13/16 
5/6 5/6 15/16 11/16 
6/6 5/6 16/16 14/16 
9/10 
10 
0/16 0/16 


"The most recently expanded leaf. Symptomless at the time of attempted virus recovery. 
The numerator refers to the number of plants from which virus was recovered, the denominator to number of plants 


in the trial. 


strain dominated in the plants that had an interval of 
t days or less between inoculations with the 2 vector- 
specific strains, regardless of which virus strain was 
administered first. No additional symptoms developed 
in about 30° of the plants that had received the AG 
strain 7 days or more after the EG strain. The ma- 
jority of the plants inoculated with the EG strain and 
allowed to develop early symptoms before inoculation 
with the AG strain developed symptoms typical of the 
EG strain. This was interpreted not as partial inter- 
ference. but as the result of rapid oat development 
in the greenhouse, giving the challenger virus little 
opportunity to affect disease development when intro- 
duced after a lengthy lag. 

ACQUISITION, LATENT, AND INOCULATION FEEDING 
PERIODS. 
were conducted to determine more precisely the rela- 


Acquisition and inoculation feeding trials 


tions of the apple grain and English grain aphids to 
their vec tor-spec ific strains of the cereal vellow-dwarf 
virus. Individual aphids were transferred to the virus 
source plant (diseased Fulghum oats) and observed 


TABLE 2 


{cquisition, latent, and inoculation times, using the AG and EG vector-specifi 


until the rostrum had been inserted into the plant 
tissue. The feeding period of the aphids was then 
considered to have started. Enforced fasts of 24 hours 
before acquisition feeding reduced the tendency of the 
apple grain aphid to move excessively when first 
transferred to the virus source plant. Both the aphid 
species thus began feeding almost immediately after 
transfer to the source plant. 

A single acquisition feeding was used for each 
insect. The feeding periods used were: 4. %. 1, 2. 
1. 8 16, 24. and 48 or 72 hours. Each test was 
replicated 3 times. 

Following the acquisition period, individual aphids 
were transferred to healthy oat seedlings for serial 
inoculation feeding trials. The periods used were the 
same as in the acquisition study, with one aphid used 
for each series of serial transfers. Each aphid, upon 
removal from the virus source plant, was allowed to 
feed 10 minutes on a healthy seedling, then trans- 
ferred to a second seedling and fed 30 minutes, trans- 
ferred to a third seedling for | hr., and so on up to 


strains of the cereal yellow- 


dwarf virus, moving the aphids serially from plant to plant, left to right 


— Inoculation feeding periods* (hours) 
(hours) 1/6 1/2 l 2 } 8 16 24 72 
Apple grain aphid z 
16 0/18' 0/17 0/18 0/17 0/18 0/18 0/17 0/18 0/17 
24 0/18 0/15 0/18 0/18 9/18 15/18 16/18 15/17 17/18 
72 0/18 0/18 0/17 2/18 14/18 15/18 14/18 18/18 16/18 
English grain aphid 
16 0/17 0/18 0/18 0/17 0/18 0/18 0/18 0/18 0/18 
24 0/18 0/18 0/18 0/17 5/17 11/18 12/18 11/18 13/18 
48 0/18 0/17 0/18 1/18 9/18 13/17 12/18 12/18 13/18 


*Cumulative latent and inoculation time (hours): ‘4, 4%, 1%, 3%, 7%, 


15%, 31%. 55%, 127%. 


"The numerator refers to the number of plants from which virus was recovered, the denominator to number of plants 


in the trial. 
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TABLE 3.—Transmis 1G and EG stra of the 
barley vellow-dwart r } the instars their 
respet five le f fhe a ‘ grain and Ene rain 


aphids" 


Instar N of plant lransmissions 
Apple grain aphid 
l 
9 19 
5 >| 
| )] 1) 
Adults li 
Nonviruliferous adu 0) 
English grain aphid 
l 4 
4 0) 
0) ) 
| ( 23 
Adults 26 
Nonviruliferous a t 0) 
‘Two insect el »4- juisition and inoculation 
feeding periods were | ¢ eedlit 
the final 72-hr. period 
Transmission did not o with acquisition feeding 
of 16 hours or less. The data for the shorter acquisi 
tion periods ire theretore itted from | ible 2 
The first transmissio ichieved after the vector 
was given a 24-hr. acquisition feeding period. followed 
serial transfers that allow t latent period in the 
insect of 4-8 hours Table The longer acquisition 
feeding periods LS I I resulted in some 
transmission of viru 6 plants ifter serial 
transfers allowing latent period of only 100-220 
minutes within the vector. A sition feeding periods 
longer than 24 hours tended both to reduce the latent 
period and to increase (slightly) the number of total 
transmissions in the ser transfers Fasting the 
apple grain aphid before ilation feeding did not 
lessen the latent period or increase the total number 
of transmissions 
The shortest icquisitior period observed in_ this 
study was 24 hours for bot! \G and EG aphids 
Longer acquisition period tended to enable trans 
mission in shorter inoculation feedings, but aphids 
that fed 24 hours on the source plant became well 
charged with virus : howt! DV SUCCESSIVE trans 


missions in the serial movement 

The 
showing that the rus persists in the 
15). As 


24 hours or 


earlier work 
vector (] 6. cs 


} 
tee ding period 


transmissior trial onfirmed 


long is the cd tor was 


more, transm! irred in each feed 


ing succeeding the 8-ht1 ilation feeding period 
Fac h viruliferous vector tt mitted Virus to several 
successive plants with no source of idded virus 


The time requirements of each aphid species were 
nditions, the AG 


times the EG 


similar. Under similar iphid 


aphid, 


brought about infection 


112 times. 


APHID INSTARS AS VECTORS.—Oswald and Houston 


(6) proved that the cereal 


vellow-dwarf virus is not 
This 
ised 


There tore 


result has been 


method ot 


passed from adult to pro 


confirmed by all who their 


obtaining virus-free apl nvmphs 


sinee 
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series of tests made to 


determine the abilities of the various instars of the 


are borne virus-free, a Was 
AG and EG aphids to act as vectors of the vector. 
specific strains. 

The life cycle in the greenhouse permitted testing 
instar. At 


species occupied a stadium of at least 48 hours, mak. 


each 70°F each nymphal instar of both 
ing 24-hr 
sible 

[wo virus-free nymphs of a given instar were placed 
They 


Both spec ies were 


acquisition and inoculation feedings pos. 


between molts. 


on each source and receiver plant of a series. 


were then removed by fumigation. 


handled 


All instars of both species (Table 3) were effective 


similarly. 


vectors. both in acquisition and inoculation, of their 
virus, 


and all 


Aphids in any stage 


vellow-dwarf 
these 


respective strain of the bariey 


Adults likewise 


reported trials of other workers. 


were vectors both in 
are potentially good vectors. 
Barley like 
becomes increasingly complex as it is studied 


detail. Allen (1) Takeshita (11) 


studied strain differences based on varietal 


of deve lopme nt 


DISCUSSION. vellow dwarf. most dis- 


Cace Se 
in greate! and 


extensively 


reactions. Toko and Bruehl (13) and Rochow (9, 
10) studied the occurrence of different strains based 
upon vector relationships. Bruehl and Toko (4) re- 
ported differences in host range on a species and 
venus level. The virus can now best be visualized as 


a complex of related entities varying in many ways. 
The general occurrence of strains adapted to trans- 
Washington 


especially 


mission by at least 
should 
where aphid species populations may vary markedly 


No data are 


grain and English grain aphids, 


spec ies in 


2 aphid 


favor perpetuation of the virus. 


from time to time (3). available on the 


abundance of apple 


or of other species. from season to season or year to 


vear. In the absence of such information it may be 


assumed that such changes in species populations 


have occurred and have selected against widespread 
occurrence of vector-specific strains such as the 2 
described in this 

The lack of interference found in 
AG and EG strains. 


ot interference 


paper. 

this study be- 
tween the along with the absence 
between strains either in the host or 


Allen (1). makes it difheult to 


failure to find mixtures in nature. 


found by 
explain Allen's (1) 
The Dusty 


during greenhouse experimentation from non- to AG- 


vector as 
isolate of cereal vellow-dwarf virus shifted 


The original strain studied in Washington 
break up into an AG and an EG 
subjected to repeated separation transmission 
(12). These 


occasional occurrence of 


specificity. 
tended to 
when 
bv the 
either the 


strain 


vectors observations indicate 


mixtures or the 
occurrence of unstable virus entities. 


Studies of the barley vellow-dwarf virus indicate it 


to be a typical persistent virus (1, 6. 11. 15) appar- 


ently fitting Bennett's (2) Group 1 viruses in every 
respect. The results showed that the EG and AG 


strains required about 24 hours for acquisition, and 


several hours for efficient inoculation. No cases of 
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quick acquisition or inoculation, as obtained by Frei- 
tag (reported in Allen’s (1) work), were seen. Wat- 
son and coworkers (15) stressed long acquisition and 
inoculation periods as essential to efficient transmis- 
sion by Rhopalosiphum padi L. 

These long feeding times are important. not only 
for experiment but in epidemiology. In a host-range 
study (4) it was noted that certain host grasses were 
inoculated with difficulty because the aphids, particu- 
larly the apple grain aphid, accepted many only when 
forced to feed on them under confinement. This work 
was with succulent seedlings. 
was difficult from many 


Recovery of virus of the 


grasses past the seedling stage. This was interpreted 
to mean that in nature. where aphids may move freely 
from one grass to another, they would not remain on 
unpalatable to them lang enough either to 
To this extent. host 
It is probable that 


a host 
acquire or to transmit the virus. 
range studies may be misleading. 
few grasses serve as important virus reser- 
relished 


relatively 
voirs. because only a few may be sufficiently 
by aphids to multiply both aphid and virus 

The ability of all instars to act as vectors is advan- 
tageous to experimenters working with a minimum 


number of aphids. 
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COMPARISON OF DEGREE 
OF BARLEY TO ERGOT 


W. P. 





AND DURATION OF SUSCEPTIBILITY 


AND TRUE LOOSE SMUT! 


( ampbell and L. E. Tyner? 


st MMARY 


Twelve varieties of barley were grown in 


plants 
the 
thereafter 


greenhouse, and separate groups of 


inoculated with loose smut and day 
first headed 
10 days. 
purpurea plants first headed, and 
all that 
Maximum susceptibility to U/stilago nuda occurred 


within 4 days of heading 


eT got on 


they and at 2-day intervals 


Maximum susceptibility to Claviceps 
the 


for 
Oct urred as 


were about equally susceptible at time. 


but the varieties differed 


the 


were 


either 
pathogen gradually decreased after heading, and 


greatly in susceptibility. Susceptibility to 
in most cases was but slight after 10 days. The 
varieties that remained susceptible to ergot longest 
were those most susceptible in the field. Four 
varieties were almost completely free of infection 
by U. nuda following inoculation with the collec- 
tion used at any time within 10 days after heading. 
Different factors apparently govern infection of 
barley by the 2 pathogens. 





The (Fr.) Tull. 
and the true loose smut fungus U’stilago nuda ( Jens.) 
Rostr. invade the florets of barley at the 
the host. 


fungi 


ergot fungus Claviceps purpurea 
about 
during stage of the 
the the floral 


establish infection, and it appears that the plant is 


same 
rhe 


cavity to 


time flowering 


spores of must enter 
susceptible for only 


Differences in 


a relatively short period (3, 8). 


susceptibility of various varieties of 


cereals to ergot and loose smut have been observed 
but 
has been made of the duration and degree of suscep- 
tibility of different varieties to the 2 pathogens. This 
paper reports on such a study of 12 common varieties 
of barley. 
MATERIALS 
field 


planted in randomized blocks 


and recorded (2. 3, 4. 6). no comparative study 


the 


were 


AND METHODS fo screen barley in 


for susceptibility to ergot. 25 varieties 


replicated 4 times and 


repeated a second summer. The plants were sprayed 
with an aqueous suspension of conidia of C. purpurea 
at 2-day intervals beginning at the time of earliest 
heading until well past the time of blossoming. The 
percentage of heads infected was the criterion of 
susceptibility. [Twelve varieties, including the most 
and the least susceptible. were chosen for further 


study. Table 1 shows the average percentage infection 


of the varieties for the years of the test 


These 12 varieties were then grown in the green- 
house, where their susceptibility to ergot and loose 
smut was compared. Collections of undetermined 


this 


inoculum of C. 


races of both pathogens were obtained 
the field in 1957. The 
purpurea was prepared by diluting | ml of honeydew 
100 and that of 
U. nuda by suspending 0.2 g of spores in 100 ml of 
0.002% Aerosol OT (added to 
reduce surface tension, facilitating spore dispersal). 

On the day the plants headed, 10 heads were inocu- 


tor pur- 


pose from 


containing conidia in ml of water. 


,) 


aqueous solution of 


lated with loose smut and 10 with ergot. The inocu- 
Accepted for publication January 13, 1959 
Contribution No. 1732 from the Botany and Plant Pa 
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Agriculture, Ottawa 
* Associate Plant P ind Officer in 
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science “erTvice 


Charge, re- 
Edmonton, Alberta. 


athologist 


lum in each case was injected between the bracts into 


the floral cavity with a hypodermic syringe. This 
process was repeated with different plants every 


second day for 10 days. 

When the plants were mature the percentage of 
florets infected with C. purpurea was recorded for each 
variety and for each time of inoculation. Seeds from 
the plants inoculated with l'. nuda were grown in the 
field and the percentage of smutted plants that devel- 
oped was recorded. 

RESULTs. Ergot. The the 


experiments are summarized in Table 1. 


data from greenhouse 
The figures 
shown represent an average of 4 tests. 

The varieties are listed in order of increasing sus- 
ceptibility to ergot as determined by the field test, 
and the results of the greenhouse trials indicate why 
the the field. 


that were most susceptible in the field retained their 


varieties showed differences in Those 
susceptibility for the longest period in the greenhouse 
tests. In all varieties there was a gradual increase in 
resistance from the time of heading to the tenth day 


thereafter. 


Loose smut.—Three separate plantings of the 12 
barley varieties were made in the greenhouse’ in 
Paste 1.-Per cent infection of florets of 12 varieties of 


barley inoculated with suspensions of Claviceps pur- 
purea conidia at various intervals following heading 


No. of days after heading 


Variety 0 2 1 6 8 10 
Newal (0.26) * 36 14 8 10 10 3 
Husky (0.48) 33 20 14 13 13 2 
Gateway (0.76) 1) 27 24 14 ll 3 
Vantage (1.43) 32 21 13 10 6 2 
Olli (2.32) 37 26 24 16 17 4 
Peatland (2.73) 27 18 16 16 7 3 
Plush (2.88) 1) 26 29 18 9 3 
Trebi (6.40) i) 32 24 14 6 2 
Velvon 1] (7.11) 38 36 29 28 39 8 
Titan (9.31) 13 32 26 22 8 
Wolfe (10.46) 1) 36 19 25 ‘ 11 
Warrior (17.14) 42 42 32 27 26 23 


“Numbers in brackets after varietal names represent per 
cent of infected plants in field tests where the heads were 
sprayed with water suspensions of conidia at several 2-day 
intervals 
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Taste 2.—Per cent of loose smut infection in plants of 12 
varieties of barley grown from seed inoculated with 
suspensions of Ustilago nuda conidia at various 
intervals after heading 


No. of days after heading 


Variety 0 2 4 6 8 10 
Newal 14 22 14 6 5 l 
Husky 8 16 8 8 3 l 
Gateway 20 26 21 10 2 0 
Vantage 12 21 20 7 3 0 
Olli 20 25 15 7 2 0 
Peatland 1] 1] 14 5 2 l 
Plush y 8 10 5 6 0 
Trebi ] 0 0 0 0 0 
Velvon 0 0 0 0 0 0 
Titan 0 0 0 0 0 0 
Wolfe 14 26 4] 32 13 3 
Warrior 0 I l 0 0 0 


January and February. 1958. The harvested seed was 
planted in field plots. The data shown on percentage 
of smutted plants in Table 2 are based on observa- 
tions of 3 plantings. each of which included several 
hundred plants. Data from the 3 plantings were in 
close agreement. 

The number of plants that produced heads was 
considerably less than the number of seeds planted. 
Seed produced in the greenhouse at the latitude of 
Edmonton during the winter tends to be small in size. 
Some damage to the embryos may also have resulted 
from inoculation by needle. However. it is unlikely 
that the relative performance of varieties was affected 
by this factor since the per cent of stand was roughly 
equivalent in all cases. 

Several observations may be made from considering 
the data. The varieties Trebi, Titan. Velvon. and 
Warrior showed little if any infection after inoculation 
on any date. Susceptibility to infection was greatest 
during the first 4 days after heading. and resistance 
was essentially complete by the tenth day in all 12 
varieties. The relative susceptibility of the varieties 
(except. possibly. Wolfe) to loose smut did not corre- 
spond to their susceptibility to ergot. 

Discussion.—The 12 varieties show one factor com- 
mon to infection by the 2 fungi: 
reduced to a minimum on the tenth day after heading. 


susceptibility was 


Anthesis is probably complete in all varieties within 
4 days after heading. maximum susceptibility appar- 
ently occurs before fertilization, and resistance is 
rapidly attained after fertilization is effected. 

The varieties differed widely in susceptibility to 
loose smut, and less widely in susceptibility to ergot. 


Four varieties were almost completely resistant to 
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loose smut at any date of inoculation, but no variety 
was similarly resistant to ergot. The same 4 varieties 
were among the most susceptible to ergot, and it thus 
appears that susceptibility to UU. nuda in barley is 
based on factors different from those involved in 
susceptibility to C. purpurea. 

Campbell (1) has shown that infection by C. pur- 
purea results from penetration of the ovary wall by 
mycelium arising from spores within the floral cavity, 
that the mycelium ramifies intercellularly through the 
tissues of the wall, and that the pathogen may even 
sporulate before the embryo is attacked and coloniza- 
tion becomes intracellular. Pedersen (5) offered evi- 
dence that U. nuda does not infect the ovary by way 
of the stigma but by invasion from the floral cavity 
directly through the ovary wall, intracellularly to the 
integuments, and thence to the embryo. The decrease 
in susceptibility to infection is thus probably inde- 
pendent of physiological changes that may occur 
within the style and stigma after passage of the pollen 
tube. However, physiological activities undoubtedly 
change throughout all tissues of the young seed fol- 
lowing fertilization. Such changes may impose _ re- 
strictions on infection in different ways for different 
pathogens. Growth also rapidly accelerates after fer- 
tilization, and mechanical barriers to infection may 
be established quickly (7). 
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ATIONS WITH LEPTOGRAPHIUM SPP. 


PINE? 


Charles D. Leaphart and Lake S. Gill 


st MMARY 


still active 3 vears later. The study suggests that: 
|) the potential of this fungus to cause damage in 
healthy white pine trees is inversely proportionate 
to the tree’s ability to callus diseased tissue; 2) the 
fungus contributes to the deterioration of the strue- 
tural pole-blight-affected stands; 
and 3) the virulence of the form of Leptographium 


be associated with 


reot systems ol 
present in a diseased tree may 
both the lesion development pattern on the tree 


and that tree’s rate of decline. 





EFFECTS OF INOCUI 
ON WESTERN WHITE 

Seven isolate f J iphium were ised in 
several series of inoculations on healthy western 
white pine trees bout 2300 inoculations, involv 
ing different techniques of wounding and several 
types of inoculum. were made on different portions 
of the roots and stems of 321 trees during a 3-vear 
period. All isolates iused some degree of cambial 
necrosis, but difference virulence were observed 
Definite callusing developed around the edges of 
nearly all lesions withi | year of inoculations: 
fewer than 3 of the positive inoculations were 
Between 1949 and 195] eries of inoculations on 
western white pine Pir onticola Dougl were 
made with Leptographium spp., a fungus commonly 
associated with stem lesior haracteristic of the pole 
blight disease (1, 5 \ preliminary report on the 
condition of inoculation | vear was published 
in I9O5] (2) In 1954 noculation project) was 
closed since by then it wa ident from other studies 
(6) that the stem lesion were probably an effect 
rather than a basic cause of the decline and death of 
trees suffering from the ole blight disease More 
recent studies (4) suggest that pole blight probably 


develops as a result of soil conditions that lead to a 


deterioration of the root system and subse quent decline 
of the entire tree Furthermore, independent inocu 
lation studies by Hubert (3) and Parker (8) led them 
to conclude after 2 and 4 years of observations. re- 
spectively, that Leptographium was pathogenic to a 
degree but probably not the cause of pole blight 

The findings reported here agree with those of 
Hubert and Parker. but the longer period of observa- 
tion (3-5 vears) and the greater number of inocula- 


tions have provided idditional information on Lepto- 


graphium as a pathogen. None of the inoculated trees 
developed pole blight symptoms, so the sole purpose 
here is to record briefly the behavior of a fungus 
with pathogenic potentialitic In a preliminary re 
port (2). mention was ide of limited inoculations 
with Armillaria melle Vahl Quel. and Poria 
wert Murr. All nan ilation with the st fungi were 
negative or complicated by contamination at the close 
of the project. and hence warrant no further comment. 

SCOPE OF THE EXPERIMEN) Nine inoculation areas 
were established in northern Idaho and northeastern 
Washington: 7 in healthy stands of white pine poles 


of ages most likely to develop pole blight (40-100 
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vears): 1 in a 15-year-old plantation: and | in a 
stand. All 


occurring in the portion of the white pine type affected 


175-vear-old were in disease-free stands 
by pole blight. 

Only dominant or codominant trees were inoculated, 
contract the 
of the 


lateral roots were girdled or cut before tnocu- 


because these classes most frequently 


disease in nature. In some trees. up to 4/5 
major 
an attempt to reduce vigor and predispose 
This treatment did not fulfill its 


unchanged 


lation in 
the trees to disease. 
purpose. Host vigor remained apparently 
and the inoculations were comparable to those on 
trees that had not been root pruned. 

Inoculation techniques varied from no wounding to 
slice of bark 2 in. 


with a 


removing a long. One to several 


bark 


sharp scalpel, were most 


punctures, made dissecting needle or 


frequently used since they 


had proved adequate for obtaining infection with least 
disturbance of the pine tissues. 

Inoculations were placed in tops, mid-boles, root 
buttress roots. and lateral roots. either singly 


The 


a tree was varied 


‘ ollars, 


or in combination on a single tree. number of 


inoculations at a particular area on 
from a single puncture or group of punctures to circu- 
lar or spiral series of sufficient frequency to ensure 
girdling if inoculations were successful. Several trees 
were killed in this manner, but the symptoms attendant 
on their death were not suggestive of pole blight. 

commonly used was a mass 


The inoculum most 


culture of the organism on malt agar medium. Inocu- 
lum was smeared on the prepared area with a sterile 
scalpel and covered with a moist sterile dressing of 


cotton held in place with a wrapper of Cellophane. 


with 2 other techniques: 


Infection was also obtained 
1) binding cotton containing a water spore suspension 
of the and 2) 


binding pieces of wood supporting a 


organism over wounds or punctures. 


culture of the 


organism to roots, the majority of which were 


wounded. The soil was immediately replaced over all 


root inoculations. 
About 2300 inoculations were made on 321 trees 
over a 3-year period. Fourteen of these trees were 
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subjected to various degrees of root pruning before 
inoculation. Seventy-four check trees were treated 
with sterile media inoculations, involving all types and 
degrees of wounding and nearly all portions of the 
tree. 

ResuLts.—Seven isolates of Leptographium, selected 
by a screening process previously described (2), were 
used for the inoculations. Table 1 summarizes the 
measurements of a representative sample of these 
inoculations examined in detail at the close of the 
project in 1954. Of the 1023 root or root collar and 
126 stem inoculations in this sample, 98.6 and 94.5%, 
respectively, were positive, Of the 570 controls exam- 
ined. fewer than 3°¢ (on the stems) and 7‘ (on the 
roots} showed some degree ot arrested ne¢ rosis, indica- 
tive of contamination. 

By 1954 most of the inoculations were inactive and 
the lesions were callusing (Fig. 1) or had completely 
callused over. Fig. 2 shows the typical external symp- 
toms of a positive inoculation on a stem. Pitch-soaked 
soil wads developed around positive inoculations on 
roots. The extent and girdling action of lesions on 
the stem of a 15-year-old tree are represented in Fig. 
3 which also shows callus tissue forming on the 
outer margins of the two coalesced lesions. 

Much variation was observed in lesion development 
on the above-ground portion of the tree. The longest 
lesion. 36 in.. was caused by isolate 602 on a lower 
bole inoculation (16 ft. above ground). The average 
length of all lesions on lower boles was 6 in.. and 
only isolates 602 and 845 caused lesions that en the 
average exceeded this. almost doubling the average 
length of lesion for all isolates combined. Stem inocu- 
lations near the tree tops and at the ground line were 
not as aggressive, apparently because annual radial 
growth in these regions is normally greater than on 
the lower bole. Leptographium thus appears to invade 
woody tissue more rapidly where growth is slow. 
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Of 941 inoculated roots, 43 were killed. Although 
isolates 602, 603-2, 819, and 850 accounted for about 
85° of the mortality, every isolate was involved in 
the death of at least one root. The size of killed roots 
varied from 0.25 in. to 1.5 in. in diameter. Only 19 
of the root inoculations appeared to be active in 1954. 
As indicated by the presence of mycelial fans, 14 
were invaded by Armillaria mellea, 6 on the roots of 
l tree. The other 5 showed no evidence of the callus- 
ing typical of arrested lesions. Two were on roots 
that had been killed, and necrosis was slowly pro- 
gressing toward the root collar. The cause of the 
progressive necrosis in these 5 roots was not deter- 
mined. 

The largest root lesion was 28.0 in. long and 1.0 in. 
wide and was caused by isolate 763. This isolate 
varied greatly in its ability to produce damaging 
lesions; the average lesion corresponded very closely 
to the average of all isolates combined. Both 763 and 
603-2 were used in all 3 years of inoculation studies. 
Table 1 points out what appears to be an attenuation 
in culture since the lesions from the 1951 work were 
nearly half as large as those from the 1949 and 1950 
inoculations. As was observed in the stem inocula- 
tions, isolate 602 produced lesions that averaged 
almost twice the size of the average lesion for all 
isolates combined. The lesion variation encountered 
in root inoculations is exemplified by the samples in 
Fig. 4. Examples of aggressiveness are represented 
by the root on the left (positive) and the reot on the 
right (negative) of the figure. 

\s previously pointed out, the degree of wounding 
had no significant effect on the success of infection by 
any particular isolate, but wounds or punctures were 
essential to the success of stem inoculations. Of 84 
roots inoculated without wounding. 16 were positive, 
7 of which could be attributed to faulty technique: 
placing inoculum near wounds made in excavating 


TaBLe 1..-Summary of Leptographium and control inoculations examined in detail from 1949 to 1954 


l pepe r bole 


Isolate and year % Lesion of 

of inoculation * positive’ length positive 
603-2 (1949 and 1950) 100.0 l 100.0 
603-2 (1951) 94.6 
763 (1949 and 1950) 100.0 ; 100.0 
763 (1951) 90.3 
602 (1951) 100.0 
811 (1951) 100.0 
819 (1951) 100.0 
845 (1951) 100.0 
850 (1951) 100.0 
Avg. all isolates 100.0 2 98.2 
Controls 0.0 0 2.6 


| ower bole 


Portion of tree inoculated 


Root collar Roots 

Lesion o/ Lesion af Lesion 
length positive length positive length 

3 . 98.4 1 

2 100.0 l 96.3 2 

} 99.5 3 

2 64.7 ] 93.2 l 

6 100.0 } 100.0 7 

3 20.0 } 100.0 3 

3 15.4 2 86.1 2 

6 100.0 ] 89.5 2 

3 100.0 4 

+ 74.4 2 96.9 3 

} 6.5 2 


‘Only isolates 603-2 and 763 were used in 1949-1950. These have been separated from the 195] inoculations in order 


to show what appears to be a difference in virulence in 


the same isolate due possibly to attenuation in cultures. 


"The percentage of total inoculations that developed necrotic tissue subsequent to treatment. 


Widths of lesions varied from only a trace of necrosis to 


of lesion, in inches: 0 = no lesion; | trace to 1.9; 2 
10.0-11.9: 12.0-13.9. 


‘No inoculations attempted where spaces are blank. 


2 in. wide. The rating, therefore, is based on average length 
2.0-3.9: 3 $.0-—5.9: 4 6.0-7.9: 5 8.0-9.9: 6 = 
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Fig.1—4. Inoculations with Leptographium spp. on west ment. Note coalescence of the 2 lesions and the usual 
ern white pine trees..-Fig. 1. Surface view of a partial callusing near their tips as observed in a majority of inocu- 
callus on a lesion 2 years following a stem inoculation. The lations examined.—Fig. 4. A_ representative sample of 
pencilled line outside the callus shows approximately the roots inoculated in 1951 and collected in 1954. The bark 
original limits of the lesior Fig. 2. Typical resin flow has been peeled from the lesions and surrounding wood 
from a positive stem inoculation made in 1949 on an 85- — surface, as it was in Fig. 3, to illustrate lesion development. 
year-old tree.—Fig. 3. Two positive inoculations on the he inoculation point was at the horizontal black line on 


stem of a 15-year-old tre cted 1 year following treat each root. 
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the roots for treatment. The remaining 9 resulted 
from inoculations with infected root sections placed 
on undisturbed root surfaces. Only 9 such inocula- 
tions were made; 2 were still active 6 years after 
inoculation. Under favorable natural conditions, un- 
wounded white pine roots can presumably become 
infected with Leptographium if enough inoculum of 
the right type comes in contact with them. 

Discussion.—Obvious differences in virulence of the 
isolates were established despite the variation in tech- 
nique of wounding and the use of different inocula, The 
authors (6) have observed that some trees in the final 
stages of decline from pole blight show relatively 
little stem necrosis, while the cambium on others may 
be extensively killed. This study suggests that more 
virulent forms of Leptographium might account for 
the extensive cambial necrosis observed in the latter 
class of trees. The authors and other people interested 
in this problem have also observed a variation in rate 
of disease progress within individual trees, i.e.. from 
a healthy to an advanced pole blight condition. The 
observations suggest that the virulence of the particu- 
lar form of Leptographium within each tree may 
contribute to the variation in individual tree decline. 

The study showed that Leptographium is not a 
persistent canker-forming agent on vigorous, healthy 
dominant and codominant trees, but reveals nothing 
on its behavior in hosts of low vigor. Nevertheless. it 
is commonly associated with cambial necrosis that 
develops on diseased trees. These studies also suggest 
that the potential of this fungus for damage is in- 
versely proportionate to the ability of the tree to 
callus: younger trees and faster growing portions of 
older trees particularly showed aggressive callusing 
of the lesions. 

Table 1 shows that the fungus has a considerable 
capacity for damage to structural roots. This, coupled 
with the fact that Leptographium lesions are common 
on roots 14 in. and larger in diameter in pole blight 
areas, suggests that it is involved in the deterioration 
of the root systems of pole-blight-affected stands. a 
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condition associated with the disease (4, 7). No 
attempts have been made to determine the role that 
Leptographium may play in the death of fine roots. 
Nevertheless, in white pine root systems occupying 
the upper 1 ft. of soil in 60- to 80-year-old stands, 
high rootlet mortality and low rootlet density are 
beth significantly correlated with pole blight inci- 
dence (4). Soils with low available moisture storage 
capacities and shallow effective depths generally sup- 
port stands having high rootlet mortality and low 
rootlet density. To date, pole blight has been found 
only on soils with low available moisture storage 
capacities and generally where shallow effective soil 
depths occur. The ecology of Leptographium spp. 
and its pathogenicity, especially of fine roots, merit 
further investigations under various environmental 
conditions. 
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EFFECTS OF GAMMA RADIATION ON BROWN ROT AND RHIZOPUS 
ROT OF PEACHES AND THE CAUSAL ORGANISMS! 
Lo Beraha. G. B. Ramsey. M. A. Smith, and W. R. Wright* 
SUMMARY 

Maximum levels of gamma radiation that per- days after a dose of at least 250.000 rep.° A dose 
mitted conidial germination, colony formation, and — of 200,000 rep inhibited brown rot for 10 days at 
mycelium development Rhizopus nigricans and 80-85°F. Unirradiated peac hes were completely 

Monilinia fructico Czapek’s and Tochinai’s hin ies - . 

media were dependent on the organism. the sus- rotted within 5 days. Pextural and skin-color ab- 

pending medium. and the phase in development of normalities (softening and skin browning) were 

the fungus. Artificially inoculated peaches kept at noted following irradiation at 400.000 rep or higher, 
80-85°F were free of Rhizopus rot for at least 10 but not at 300,000 rep. 

Estimates of losses fr decay of peaches in New © sides of each fruit 5 mm deep with 7 pins circularly 
York City retail stores have been conservatively set arranged and spaced 5-7 mm apart. Following a 
at 13-24 per cent rl ibiquitous causal agents, momentary dip into a sterile distilled water suspension 
Rhizopus nigricans Fi ind) = Monilinia fructicola containing 100,000—-500,000 viable spores per ml of 
(Wint.) Honey possibl account for all the decay either R. nigricans or VW. fructicola, the fruits were 
recorded. Low-temperature storage and chemical sur kept in humidity chambers for 20 hours before irra. 
face disinfectants offer only partial decay control.  diation. Peaches inoculated with R. nigricans were 
The success of gamn radiation in extending the kept separate from those inoculated with M. fructicola 
shelf life of such fresh fruits as oranges and lemons* For each experiment, a replicate consisted of 2 peaches 
made it desirable to investigate he ot this energy inoculated with either R. nigricans or M. fructicola, 
source for controlling peach rots and their causal placed in a small perforated polyethylene bag. and 
agents. A preliminary report of these investigations sealed in a No. 2 can. For each of two experiments, 
has been made a dose with a control was replicated 4 times. giving a 

MATERIALS ANI The materials and gen total of 8 replications. Immediately before and after 
eral techniques used ing and handling the irradiation, samples were kept refrigerated until re- 
fungi, R. nigricans d M ere similar to turned to the laboratory. After irradiation. the lids 
those previous! Pi gitatur of the cans were cut off in the laboratory and replaced 
and P. italicun loosely to permit ventilation. Temperature ranges 

Firm-ripe Elbert Red Haven peaches were were 80-85°F during the incubation period. Control 
used in 2 separate experiments. After being selected samples were similarly prepared, taken to the irradia- 
for size and abs d decay. the peaches — tion site, held at room temperature during the longest 
were washed 5 lution t ng 2500 irradiation time. incubated. and observed periodically 
ppm of free chlorine. 1 ip water d allowed along with the irradiated samples. Degree of infection 
to dry. Wounds were punet pposite Was assessed by arbitrary infection grades: 0 no 

infection: 1 less than 14 of fruit rotted: 2 

Accepted for | 14-14 of fruit rotted: 3 » 34 of fruit rotted: 

Investigatior ct Bi Science : ° - 
rian Naga ay \I Conus, 1s D A. is | ‘y entire fruit rotted: 5 fruit completely 
cooperation with | R, | ty of rotted. Along with the numerical gradation of severity. 
Chicago. Thi n notes were made when decay was first visible and of 
operation with | v Fo Contain its progress during the holding period. Injury was 
Institute for tl \ OM R | Eng . 
cnethiee Cumtenen x \, determined visually by comparison with unirradiated 
942 in the serie ' The and inoculated controls. 
views or con h All fruits and culture samples in No. 2 cans were 
as a mag ve iy rotated at 2 rpm in urns adjacent to cooling upright 
oa ey : fuel elements at the Argonne National Laboratory, 

Pathologist. P ~ | . Lemont. Ill Unless otherwise stated. all doses are 
and Associate Pat! B s approximate, to within 10¢ 
Branch, Agric M S e, U.S. D. A Resuits.—Studies on spores.—The radio-sensitivity 
bee oo 2 ch : ’ = 6g conidia of R. nigricans and MW. fructicola in Cza- 

‘Reraha. L.. G. B. R WE oA Smith WR pek’s and Tochinai’s media as determined by germina- 
Wright. 1958. |} » radia tion is given in Fig. 1. The maximum ievel of irradia- 
tion for contre Phytopa- tion that allowed germination of conidia of R. nigrt- 
thology 49: 91-9¢ cans was about 500.000 rep. At this dose germination 

Beraha, L., G. B. R M. A. Smitl W. KR 
Wright. 1957. Ga é tr of For roentgen-equivalent-physical, the amount of ioniz- 
postharvest disease f iwh é and ing radiation that would deliver 93 ergs to a gram of wet 
peaches. Phytopatl \ i tissue 
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Taste 1.—Colony growth* resulting from irradiated conidia 
and irradiated hyphae of Rhizopus nigricans and 
Vonilinia fructicola suspended in Tochinai’s (T) 
and Czapek’s (C) media 


R. nigricans V. fructicola 


Dose (rep) Medium Conidia Hyphae Conidia Hyphae 


1,000,000 I 0 0 0 0 
( 0 0 0 0 
500,000 I 0 0 0 0 
( (, 0 U0 0 
400,000 | D 0 0 0 
( G D 0 0 
300.000 1 G DD 0 0 
( G D 0 0 
250.000 T G DD 0 0 
( GS G 0 0 
200.000 1 G D D DD 
( (, (, 0 if) 
150.000 I G G G D 
( G G DD 0 
100.000 I G G C D 
( G G 1) D 
50,000 ] G G G G 
( G G c 
0 (control) | G te GC G 
( G S G c 
‘Dp vrowth delaved: G normal growth: O no 
growth. 
was not appreciably better in either Tochinai’s or 


V. fructicola showed about 50° 
germination after irradiation of conidia suspended in 
lochinai’s medium at 1,000,000 rep (the highest dose 
tested). but did not germinate in Czapek’s medium at 


Czapek’s medium. 


this dose. Similarly, germination was better in Tochi- 
nais medium than in Czapek’s medium at all doses 
100.000 rep. Germ-tube growth was inversely 


(Fig. >. As has 


heen demonstrated with P. digitatum and P. italicum, 


above 


proportional to the dose received 


germination and germ tube growth were proportional 
to the radiation dose, ie. shortened distorted tubes 


were evident after relatively high doses. whereas near 
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Fig. 1. Germination of Rhizopus nigricans and Monilinia 
ructicola conidia in Tochinai’s and Czapek’s media 20 


hours after gamma irradiation 
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Fig. 2. Relative germ-tube lengths of Rhizopus nigricans 
and Monilinia fructicola conidia in Tochinai’s and Czapek’s 
media 20 hours after gamma irradiation. 


normal size tubes developed after lower doses.* This 
was again observed with Rhizopus nigricans in both 
Tochinai’s and Czapek’s media and with Monilinia 


fructicola in Czapek’s medium. However, germination 
of M. fructicola suspended in Tochinai’s medium com- 
pared with corresponding germ-tube growth (Fig. 1, 
2) demonstrates that at doses allowing 100° 
(500,000 and 150,000 rep), 


were 1/5 and 4/5 the size of control tubes. 


germi- 
nation respective germ 
tubes 
Hence. appar- 
ently, may function independently after irradiation of 


germination and germ-tube growth, 
viable conidia under some conditions. 


Studies on mycelium.—1) Influence of radiation 
dose and suspending medium on colony formation.— 
At the intervals tested, the maximum irradiation level 
that allowed survival of conidia (as determined by 
continued development to form colonies) was about 
500.000 rep for R. nigricans and 200,000 rep for M. 
(Table 1). 


the nature of the suspending medium. Growth of R. 


fructicola Survival was also modified by 
nigricans following irradiation of conidia was typical 
at 500,000 rep in Czapek’s 
100.000 rep in Tochinai’s medium. Conversely, growth 


medium, but only at 


of M. fructicola following irradiation of conidia was 
typical at about 200,000 rep in Tochinai’s medium, 
but only at 150,000 rep (the next-lowest dose tested) 
in Czapek’s medium. 


» 


2) Influence of radiation dose and suspending 


medium on survival of mycelium.—Table 1 gives the 
data for survival of young hyphae of R. nigricans and 
V. fructicola following irradiation. Again, both the 
dose and the nature of the suspending medium influ- 
level of irradiation 
mycelial of R. 
At this dose, growth 


resumed when mycelium had been grown on Czapek’s 


enced survival. The maximum 


that allowed resumption of growth 


nigricans was about 400.000 rep. 


medium but not when grown on Tochinai’s medium. 
On the other hand, mycelium of M. fructicola grew 
following doses of about 200.000 rep or lower when 
previously grown on Tochinai’s medium. On Czapek’s 
medium, no growth took place above a dose of about 
100,000 rep. As we have demonstrated for Penicillium 
italicum, levels of radiation that may curtail (a) ger- 
mination, (b) subsequent development of conidia to 


form colonies. and (c) continual growth of estab- 
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Fig. 3. Development of brown rot M. fr ticola and 
Rhizopus rot (R. nigrica it 80-85°F following gamma 
irradiation of artificially inoculated Red Haven and Elberta 
peaches. 
lished hyphae will differ for each of these different 
phases of fungal development.* 
Studies with fruit | ssentially no differences were 


noted between the 


ties of peaches tested \ 


two vari 


comparison of the effects of radiation on brown rot 
and Rhizopus rot of peach, demonstrates dissimilar 
reactions of two different fungi in the same suscept. 
Peaches inoculated with V fructicola and stored at 
80-85°F remained free infection for 10 davs fol 
lowing irradiation of at least 200,000 rep. At 150.000 
rep, infection was delayed 6 days, at which time it 
was noticed on | replicate out of 8: at 10 days only 2 


replicates were intected \verage 


decayed 


with increases in dose Thus 
completely rotted within 
100,000 rep were 


only a moderate an 


(Fig. 3). 


pear he s 


infection ratings of 


re duc d 


control replic ates were 


showed rate of rotting 


> davs, but peaches receiving 
rotted in 6 days; after 150,000 rep, 
mount of rot was ¢ vident at 10 davs 
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A dose of at least 250,000 


control R. nigricans completely. 


rep was required to 
At 200,000 rep. the 
next-lower dose tested, infection was delayed 6 days. 


at which time 3 replicates out of 8 showed infection, 


At 10 days, 5 replicates showed infection. As with 
brown rot, proportionally more decay was evident in 
a shorter period with decreases in the dose. The 
controls and those receiving 50.000 rep were com. 
pletely rotted within 3 days; after 100,000 rep, 
within 4 days: after 150,000 rep. 6-10 days; and 
after 200,000 rep, with those showing _ infection, 


peaches were completely rotted at 10 days (Fig. 3), 

Textural and skin-color abnormalities in the form of 
softening and excessive browning (cinnamon to ochra-. 
noted following irradiation at 


300.000 


ceous brown) 


£00,000 


were 


rep, but not at rep. Hence, for the 


dose intervals tested, the minimal doses that control 
brown rot (150,000-200,000 rep) and Rhizopus rot 
(200.000-250.000 rep) are within the limits that do 


not cause visibile injury to peat hes (for the period of 
the experiment). 

Qur 
balance 


citrus decay indi- 
the 


those 


DISCUSSION. studies with 
that the 


necessary to 


radiation doses 
that injure the 
the hand. 


apparently can withstand doses higher than necessary 


cated between 


control rot and 


fruit is precarious.* Peaches, on other 


Rhizopus rot. 
Naturally, in the case of peaches and citrus, injury 


to suppress or control brown rot or 
was based on a visual approximation of degree and 
kind. Conceivably, injury may also take the form of 
cellular breakdown or damage to tissue constituents 
in addition to visual rind color and textural changes, 


The levels of radiation at which injury may be visible 


or at which decay organisms are affected, however. 
will differ among commodities. Some of the influ- 
encing features of the commodity will be water con- 


tent and the presence of proteinaceous and other com- 


ponents. The variation in dose ranges for complete 


kill of different fungi in peaches and some of the 
factors responsible for the variation have been re- 
ported. It may be concluded that a safe dose of 


gamma radiation must be established for each decavy- 
producing organism and each commodity. 
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DEVELOPMENT OF PRATYLENCHUS PENETRANS AND TYLENCHORHYNCHUS 
MARTINI ON RED CLOVER AND ALFALFA®* 


Richard A. Chapman? 


sUMMARY 


The growth of Kenland red clover (Trifolium 
pratense) and Atlantic alfalfa (Medicago sativa 
was significantly reduced by Pratylenchus pene- 
trans, either alone or in combination with Tylen- 
chorhynchus martini, in’ greenhouse experiments. 
P. penetrans reproduced readily in both plants. 
T. martini reproduced readily on red clover, but 
poorly on alfalfa. Neither plant was adversely 


affected by T. martini. With a 1:1 combination of 
the 2 nematodes the growth of both plants was 
reduced the same amount as with P. penetrans 
alone. P. penetrans increased as well in the pres- 
ence of T. martini as it did when alone, but T. 
martini in the presence of P. penetrans increased 
only 10-25% as much as it did when alone. 





Spec ies of root-lesion (Pratylenchus )\ and stvlet 
(Tylenchorhynchus\) nematodes, along with other 
plant-parasitic nematodes, are frequently found in 
fields of red clover (Trifolium pratense L.) and al- 
falfa (Medicago sativa L.). 
that a mixture of species of Pratylenchus caused 


Previous study showed 


severe injury to these plants under greenhouse condi- 
tions (1). An investigation was conducted to deter- 
mine the relative effect of P. penetrans (Cobb, 1917), 
T. martini Fielding. 1956, and a combination of the 
two on the growth of red clover and alfalfa. 

MATERIALS AND METHODS.—Root-lesion and _ stylet 
nematodes used for inoculum were from colonies 
reared, respectively, on corn (Zea mays L.) and sor- 
ghum (Holcus sp. L.). Both colonies were started 
with collections from a field of red clover. The nema- 
todes were apportioned by diluting suspensions in 
water. 

One-half-gellon glazed crocks were filled to within 
2 in. of the top with soil heated 5 minutes with steam 
to 80-85°C. 
todes were poured over the surface of the soil. Con- 


Fifty-ml suspensions containing nema- 


trol crocks received 50 ml of tap water. In addition. 
all crocks received 50 ml of liquid from nematode 
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suspensions that had been virtually freed of nematodes 
by being passed several times through a U.S. No. 325 
sieve. The inoculum was covered with 2 in. of steamed 
soil, and certified seed of Kenland red clover and 
Atiantic alfalfa was sown on the surface. The seeds 
were covered with a thin layer of steamed soil. The 
filled crocks contained about 1800 g of soil (dry- 
weight basis). Each crock received a suspension of 
commercial nodule-producing bacteria when it was 
first watered. The crocks were arranged in 4X4 Latin 
squares on a greenhouse bench. 

When plants were about 3 weeks old the stands were 
thinned to 5 plants per crock by clipping off excess 
plants below the soil surface. At intervals during the 
experiments the top growth was cut back to 2 in. and 
the harvested material was dried and weighed. At 
the conclusion of the experiments the plants were cut 
off at the surface of the soil. and the tops were dried 
and weighed. The roots were carefully freed from the 
soil and washed, blotted, and weighed. 

The number of nematodes in roots was determined 
by hanging the roots in a mist chamber and collecting 
as long as nematodes emerged. The number of nema- 
todes in soil was determined by using a modified 
Seinhorst inverted-flask technique (2). Two 300-g 
aliquots were processed from each cro a 

The experiment was repeated once, with essential 
agreement in results. The data reported herein are 


Taste 1. Mean dry weight (g per crock) of top growth of Kenland red clover and Atlantic alfalfa growing in soil 


£ 


initially infested with Tylenchorhynchus martini or Pratylenchus penetrans or both 


Red ( lover 


Harvest Age 

number (days) Control 1 P 
l 136 3.0 4 28 
2 152 14 1.6 1.2 
) 174 17 re ling 1.0* 
j 204 2.3 2.3 0.6* 
> 227 te, 1.7 0.4° 
6 256 2 1.2 0.4** 
7 267 2.9 2.9 Ls" 

Total 14.2 15.2 78° 


T. martini. 

P. penetrans. 

Includes stubble. 
** Difference from control significant at the 1% level 


Alfalfa 

r+P Control 1 P r+P 
3.1 2.5 2.6 2.9 2.7 
Lo LS 1.6 1.6 1.6 
1.0* * 1.6 197° 0.9** 1.1°* 
1.0** L5 L5 0.6** 0.7** 
0.5** 08 1.0 0.4** 0.4** 
o.4e* 15 14 0.4°* 0.4** 
1.6** 3.5 3.8 a 2a°* 
9.1** 12.9 13.8 9.0** 93°° 


) 
4 
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raBLe 2.—Numbers of nematodes in soil ar 
martini or Pratylenchus penetrans or bot 
Control se 
Nematodes per 100 g dry s 9 
Nematodes per 1 g root | 
Nematodes per crock 1) 


from the second experiment. in which the numbers of 
the crocks in the different 


Pratylenchus, 900: 


nematodes placed in treat 


ments were: control {) Tylen 


chorhynchus, 900 ind Pratylenchus plus Tylenchor- 


hynchus. 150 ot eac h. 


Resutts.—The vields of top growth are set forth 
in Table 1. Top growth was significantly decreased 
for both species of plants growing in soil infested 
with P. pentrans. This was similar to results obtained 
previously with a mixture of species of Pratylenchus 
(1) lop growth was not reduced for either species 
of plant growing in soil infested solely with 7. maz 
tint; in fact. top growth significantly increased in | 
harvest. 

Root weight was significantly lower for both species 
of plants growing in soil infested with P. penetrans. 
The respective mean tresh weights. in per crock, of 
roots of red clover were 12.3. 12.1. 5.7. and 5.2. for 
plants growing in soil infested with no nematodes, 
T. martini alone. P. penetrans alone. and T. martini 
plus r. penetrans, respectively With alfalfa the re 
spective mean weights of roots were 22.7. 21.4. 16.8. 
and 17.1 g per crock. Root weight was unaffected by 
T. martini alone 

In crocks containing red clover, P. penetrans in 
creased about 189 times when the soil was initially 
infested with 900 nematodes. and about 394 times 
when the soil was initially infested with 450 along 
with 450 of 7. marti? Table 2 In crocks contain 
ing alfalfa the respective increases were about 110 
and 143 (Table 3 

In crocks containing red clover. 7. martini increased 
about 107 times when the soil was initially infested 
with 900 nematodes. and about 21 times when the soil 
was initially infested with 450 along with 450 of 
P. penetrans (Table 2 In crocks containing alfalfa 
the respective increast were about 11 and 6 times 
(Table >) 

Discussion The combination of nematodes had 
the same effect on growth of the plants as the root 
lesion nematode alone. The fact that the combination 
inoculum contained one-half the number of root-lesion 
nematodes in the P enetrans inoculum does not 
necessarily indicate an adverse effect of the stvlet 
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d roots of Kenland red clover growing in soil infested with Tylenchorhynchus 


martini P. penetrans T. martini + P. penetrans 
5.290 8.056 529 8.953 

12 4,387 0+ 3,085 
96,672 170,014 9,522 + 177,196 


todes in the inoculum does not produce a much greater 
effect (1). 

The factors of 
the 
maximal. 


increase stated above are based on 
not be 
On this basis it is evident that the activity 


terminal nematode population and may 
of P. penetrans had an adverse effect on the develop. 


ment of the population of 7. martini. Root damage 


caused by the endoparasitic root-lesion nematode seri- 
the food 


On the basis of the number of stvlet 


ously reduced supply of the ectoparasiti 


stylet nematode. 
nematodes per g of roots (number of stylet nematodes 
per crock divided by wt. of roots per crock) red clover 
7989 in crocks containing T. 


supported martini alone. 


and 1831 in crocks containing the mixture of nema- 
todes. In the same order, alfalfa supported 482 and 
184 stylet nematodes per g of roots. Other antagonis- 
tic effects may also have been involved. 

Whether the activity of 7. martini affected the 
development of the population of P. penetrans is not 
evident. Whether there was an adverse effect cannot 
be determined. At first glance. a stimulatory effect 


seems likely. However, when the data for P. penetrans 
are expressed as above for 7. martini, the results are 
inconsistent. Red clover supported 29.825 nematodes 
per g of roots in crocks containing P. penetrans alone 
and 34.076 P. penetrans per g of roots in crocks con- 
On the other hand, 
5887 376] 


The differences between 


taining the mixture of nematodes. 
alfalfa supported, in the same order. and 


P. penetrans per g of roots. 


these figures are not significant. whereas those be- 
tween the numbers of 7. martini are significant. Also, 
smaller initial populations of nematodes have fre- 


quently been reported to have higher rates of increase 
populations (3, 4. 5), and it is 
had little or no effect on P. 


than larger initial 

possible that 7. 

penetrans. 
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Taste 3 Vumbers of nematodes in soil and roots of Atlantic alfalfa growing in soil infested with Tylenchorhynchus 
martini ” Praty el [ ‘ penetrans of both 
Control Tl’. martini P. penetrans I’. martini + P. penetrans 
Nematodes per 100 g dry soi <] 1 1.846 “141 + 3,180 
ematodes pet roots 995 4 
N les | | | 10 69 0 414 
Nematodes per crock | 10.312 98.904 2.538 + 64.319 
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RHIZOPUS DECAY OF 
RECURING, 


RHIZOPUS DECAY OF 


SWEET POTATOES AS AFFECTED BY 
AND HYDROW ARMING 
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major O. Schmidt 
Ne matologica 


1957 Heterodera 
a population study. 


5. Hesuine, J. J. 
1930 on cereals 
2: 285-299. 


CHILLING, 
AFTER STORAGE! 


T. T. MeClure? 


sUMMARY 


Sweet potatoes developed less Rhizopus decay if 
recured at 85°F on removal from storage than if 
recured at lower temperatures or not recured. Two 
4 or 8 


davs of recuring at 85° was as effective as 


days. indicating the feasibility of recuring during 
transit. Immersion of roots in 110° water for 15 


minutes raised their temperature from 60° to 85 
without increasing decay. Hydrowarming seems to 


be a safe and rapid method of heating roots for 


recuring during transit. Chilled sweet potato roots 


developed more Rhizopus decay than those not 
chilled. Such decay was affected by the chilling 


temperature, the duration of chilling, and the re- 
curing temperature. Chilling 1 day at 32°F or 4 


days at 45° increased decay ‘when the roots were 
placed for recuring at 65° or 75°. but not when 


they were recured at 85 The minimum time for 
effective recuring of chilled roots was the same as 
that for unchilled roots. 





Rhizopus decay of sweet potatoes is one of their 
major post-harvest decays, which destroy an estimated 
of the crop during and after transit to market 
(8). Stored and 
This 


making 


sweet potatoes are usually washed 


packed in preparation for shipment to market. 


handling accidentally wounds many roots. 


them subject to Rhizopus decay. Recuring roots be- 


fore shipment has been suggested as a possible method 


of reducing decay (1. 2). Laboratory tests were made 
during 1956 and 1957 to determine whether injured 
roots could be satistac torily rec ured during a simu- 


lated transit period to avoid delay in marketing. The 


most pertinent questions were 1) what temperature 


» 


caused adequate recuring. 2) how long a_ recuring 
, 


period is necessary, and 3) how may roots be warmed 
rapidly to a recuring temperature ? 

Sweet potatoes marketed during the winter may be 
exposed to short periods of low temperature during 
or after transit. Sweet potatoes are known to. be 
injured by prolonged exposure to temperatures below 
PAS. oe oY 


the effect of short periods of low tempera 


35° or 60 Laboratory tests were made to 


determine 
ture on the 


development ot Rhizopus decay of sweet 


potato roots. 

Merruops. In 1956 Nemagold sweet potatoes ob 
tained from the field at harvest were cured for 10 
days at 85°F in the laboratory and stored at 55° until 
used. From time to time, roots were removed from 


some for immediate inoculation and others for 
15° or 32° for 1. 2. 4. or 8 days 


inoculated by halving 


storage 
further storage at 


before inoculation. Roots were 


lengthwise and dipping immediately in a suspension 
of spores of a Rhizopus sp. in beef-peptone broth. The 


concentration of spores was about 100 per low-power 
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field of a microscope. Inoculated roots were placed in 


1-qt. baskets at 85°, 75°, 65°, or 55° for 1, 2, 4, of 


8 days to test the effects of these conditions on re- 
curing. 
Humidity was kept high by draping wet towels over 


the baskets and covering them with polyethylene film. 


After the various recuring periods, all roots were 
transferred to 65°F. covered with wet towels. and held 
8 days to permit development of incipient decay. 
Decayed roots were removed every 2 days. and the 


the final 65° holding 


amount of 


the end of 
The 


measure of effectiveness of 


number dec aved by 


period was totaled, de« ay was used 


as a recuring. 
In 1957 Orange Jersey sweet potatoes were similarly 
stored at 60°F The 


were the same as in 1956 except that some roots were 


cured and until used. methods 


hvdrowarmed to about 85° by 15 minutes 
in 110 
Each test lot consisted of 10 random halves of roots. 


Nemagold 


with Orange 


immersing 
water before wounding and inoculation. 
sweet 


with was 


that 


The experiment potatoes 


done 8 times. and Jersev was done 


10 times, 


Rest hy F The average dec av ot sweet potato roots 
was markedly less after recuring at 85°F than after 
recuring at 75° (Tables 1 and 2). This difference 


~» 


occurred even when the roots were chilled at 32 or 


15° before recuring (Tables 2 and 3) 


The 


amount oft 


effectiveness of recuring, as measured by the 


decay. was essentially the same whether 

The amount of 
1 day 
mediate between that of roots recured for 2 days and 
that of checks held at 65 


wal med 


roots were rec ured tor A }. or 8 davs. 


decay following recuring at 85°F for was inter- 


from 60°F to about 85 in 


water. 


Roots can be 


15 minutes by immersion in 110 Hvdrowarm- 
ing did not result in more decay of roots after recuring 
than that of similar roots not hydrowarmed (Table 2). 


Sweet potatoes chilled 4 days at 45°F before wound- 




















360 
TaBLe | Per cent Vemagold sweet potato roots with 
Rhizopus decay after being removed from storage at 
95° F.. inoculated ar recured immediately at vari 
ous temperature days. and then held 8 days 
at 65 
Recuring 
tempera 
I Da it ree temperature 
ture 
(°R) | 4 } 8 Average 
85 21 10 6.5 12.5 12.5 
75 2.5 ) 50.0 27.5 32.2 
05 1.3 8.8 53.8 W.6 
35 17.5 ( } ) V0.0 V0.3 
LSD for recured roots 16.245 » 21.4(1%) 
LSD for averages 8.145%) 10.7(1%) 
ing and inoculation and recured 8 days at 75° or 65 
decaved more than comparable unchilled roots (Table 
3). Roots chilled at 45 for 8 days did not decay 
significantly more than unchilled roots when the 
recuring temperature was 85 Decay was increased 
by exposure of roots to 2 for only 1 dav followed 


by recuring at 75° or 65 (n exposure of 8 days at 


32 was needed to increase decay of roots if they 
were subsequently recured at 85 Roots chilled at 
32° for 4 days were effectively recured at 85° in 2 
days. the same time that was needed for unchilled 
roots (Table 2 

DISCUSSION AND CON sioNs.—During the digging 
season, sweet potatoes may be marketed immediately 
after harvesting. They start their transit period at 
field temperatures. often above 80°F, and they usually 
encounter mild weather in transit. Such roots have 
been reported to develop less Rhizopus rot 1 week 
after arrival than cured and stored roots (4). When 
cured roots are removed from storage, fresh wounds 
are produced by the necessary handling. Wounded 
roots maintained at transit temperature of 55° to 60 
decay excessively when later warmed to 65°, an ap- 
proximate average retail temperature. Recuring of 
roots is indicated to control Rhizopus decay, and the 
most conventent “time tor recuring ts during transit. 


Maintaining recuring temperatures at this time would 


also eliminate the possibility of chilling injurv. to 
roots In transit during winter months 
Taste 3.—Per cent Vemag sweet potato roots with Rhizopus decay 
davs and re P fe par s temperatures tor 8 days 
Treatment 
and recuring Not 
Davs at 
temperature fille 
(°F) check 2 
Chilled at 45 
85 12 10.0 6.3 
79 4 11.3 12.5 
65 3.4 13.8 18.8 
Chilled at 32 
85 1? 16.3 16.3 
75 2 9.0 61.3 
05 38 62.5 61.3 
LSD for averages, 45 | I 92 (5 and 12.2 (1 
and indicat lifferences fr checks at 
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Taste 2.—Per hydrowarmed or chilled Orange 
Jersey sweet potato roots with Rhizopus decay after 


being recured for 1-4 days at 85° or 75°F and then 
held 8 days at 65 


cent of 


Treatment 


and 
recuring Av. decay 
tempera- Not of 
. Days at recuring temperature 
ture recured recured 
{ I ’ (check) ] 2 5 } roots 
No treatment 
85 a 37 2% 24" 23* 28 
75 sa 58 51 5 63 56 
Hydrowarmed 
85 17 39 1Y 18* Wg 22 
75 ; 37 15 93 18 1H 
Chilled 4 days at 32 
85 5 29" 31" Z** 3 
‘ade 66 - = eb a 
75 69 0 > bo VY 


‘Roots not recured were held at 65° for 8 days. 


"LSD for averages: 11.0 (59%) and 14.6 (1%). 


and ** indicate significant differences from check at 5 
and 1% levels, respectively. 

The present study shows that Rhizopus decay of 
sweet potatoes after removal from storage may be 


effectively reduced by recuring the roots 2 days at 
85°F. Holding roots 1 day at 85 
| effectively. These results indicate that recuring 
85 should reduce Rhizopus 


decay at the retail level. 


would reduce decay 
ess 
roots at during transit 
Full utilization of the transit 
time as a recuring period would require preheating 
the roots to 85°, because of the time required to bring 
sweet potatoes trom a storage temperature of about 
60 This may be 
done rapidly, without harming the roots. by hydro- 


Washing 


and hydrowarming might perhaps be combined in a 


to a recuring temperature of 85 


warming them 15 minutes in water at 110 
single operation. 

Increased decay in storage has been reported as a 
symptom of chilling injury of sweet potatoes (5. 6, 7). 
This symptom may occur during prolonged holding at 
low temperatures or when removed to higher tempera- 
There is little 
agreement on the duration of chilling temperatures 
Lauritzen 


tures after a brief chilling period (5). 


roots. (5) 


32°F 


necessary to increase decay of 


found that 29 days at 40° on was needed to 


after being chilled at 45° or 32°F for 1-8 


days at 65 


chilling temperature 
caer na. tonto : Av. decay of 
} $ chilled roots" 

13.8 18.8 12.2 
50.0* 92.5 1O.6 
62.5"" 61.3 >1.4 
13.8 7.9 21.0 
57 5 613 58.8 
67.5 71.3 65.7 

)LSD for averages, 32° chilling: 10.3 (50) and 13.7 (1%). 

Sand 1% levels, respectively 
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increase decay of Yellow Jersey sweet potatoes. In- 
creased decay of roots was reported to occur in the 
Porto Rico variety after chilling 10 days at 40° or 
4 days at 32° (7). 

The amount ot decay of chilled sweet potatoes has 
study to be affected by 
When the re- 


roots exposed 


been shown by the present 
the subsequent recuring temperature. 
curing temperature was 75° or 65°F, 
$ days to 40 


unchilled roots. 


decayed more than did 
1 days at 32 


were tolerated without a significant increase in decay 


or 1 day to 32 
Eight days at 45° or 
when the recuring temperature was 85°. Since retail 
store temperatures average about 65°, a temperature 
that favors decay development, shippers of sweet 
potatoes should avoid even a few days of accidental 
chilling during winter transit to market. Recuring 
temperatures during transit should protect roots from 
chilling injury and thus should reduce Rhizopus decay 


at the retail level. 


INDUSTRY STATION 


MARYLAND 


PLAN’ 
BELTSVILLE, 


ON PHOTINIA GLABRA AND P., 


SERRULATA 361 


LITERATURE CITED 

l. Aveock, R. 1955. The effect of certain post 
treatments on soft rot development in sweet potatoes. 
Plant Disease Reptr. 39: 409-413. 

2. Coox, H. T. 1953. The fungi that cause rot in sweet 
potatoes. Yearbook Agr. (U.S. Dept. Agr.) p. 444 
447. 

3. Coorey, J. S.. L. J. Kusuman, anp Heven F. Smart 
1954. Effect of temperature and duration of storage 
on quality of stored sweet potatoes. Econ. Botany 8: 


storage 


21-28. 
1. Kusuman, L. J.. G. B. Ramsey, M. A. Sire, ano 
W. R. Wrient. 1951. Temperature and quality 


records for sweet potato truck shipments, 1950-195] 
season. U. S. Dept. Agr. Bur. Plant Indus... Soils 
and Agr. Engin. H.T.&S. Office Report 254. 4 p. 

» Lauritzen, J. L. 1931. Some effects of chilling tem 
perature on sweet potatoes. J. Agr. Research 42: 
617-627. 

6. Lewis, D. A. ano L. L. Morris. 1956. Effects of chill 
ing storage on respiration and deterioration of several 


sweet potato varieties. Proc. Am. Soc. Hort. Sei. 
68: 421-428. 

7. Lurz. J. M. 1945. Chilling injury of cured and nen 
cured Porto Rico sweet potatoes. | S. De pt. Agr. 


Circ. No. 729. 8. p. 
8. U. S. DePpARTMENT OF 
search Service. 1954. 


Dept. Agr. ARS-20-1. 


AcricuLtTuRE. Agricultural Re 
Losses in agriculture. UU. S 
190 p 


ENTOMOSPORIUM LEAF SPOT OF PHOTINIA GLABRA 
AND PHOTINIA SERRULATA! 


eS 


Stathis and 


A. G. Plakidas 


sUMMARY 


Leaf blight of (Pyrus and loquat 


k y tobotr va 


pear spp.) 


japonica), caused by Entomosporium 


common and serious disease of 


An Entomosporium, in- 


maculatum, is a 
these hosts in Louisiana. 
distinguishable morphologically from that on pear. 
quince, and loquat, was recently found to cause 
severe spotting and defoliation of Photinia glabra 
and P. serrulata in nurseries in southeast Louisiana. 
The disease appears to be new for these two spe- 
Photinia. Entomosporium 
different hosts—pear. quince, loquat. P. glabra and 
P. serrulata alike but dif- 
fered in pathogenicity and in colony size on arti- 
ficial The 
similar: were 


cies of isolates from 5 


were morphologically 


media. pear and isolates were 


they 


quince 
pathogenic to pear 


glabra and P. 


strongly 


and loquat. nonpathogenic to P. 


serrulata, and formed small colonies. The isolates 
from P. glabra and P. serrulata formed a second 
distinct group; they were strongly pathogenic to 
the 2 Photinia species, pear, and loquat, and their 
colonies were statistically significantly larger than 
these of the pear and quince isolates. The isolates 


from loquat constituted a third group: they were 
strongly pathogenic to pear and loquat, weakly 


pathogenic to P. glabra and P. serrulata, and 
formed colonies intermediate in size between those 
of the other 2 groups. Each group is considered to 
represent a distinct physiologic race of the fungus. 
Observational and experimental evidence indicates 
that the photinia race did not arise from the pear 
and quince race. It is conjectured that the race 
pathogenic to photinias arose from the loquat race, 
probably by mutation. 





In the spring of 1957 Photinia glabra (Thumb.) 


Max. plantings in 2 nurseries in 


southeast Louisiana 
were severely affected by a leaf spotting and defoliating 
disease. Scattered P. serrulata Lindl. bushes were also 
affected by the 1958 the 


disease reappeared on the same hosts. somewhat more 


disease. In the spring of 


widespread on P. serrulata than in the previous year. 
Accepted for publication January 20, 1959 
Research Assistant and Professor, respectively, 
ment of Botany, Bacteriology and Plant Pathology, 
ana State University, Baton Rouge. 


Depart 
Louisi 


An Entomosporium, morphologically indistinguishable 
from E. ( Lév.) 
Atk.). the cause of leaf blight of pear and quince, 


was found 


maculatum Lévy. (Fabraea maculata 


associated with the disease of photinias. 
The photinia disease appeared to be new. No refer- 
ence to an Entomosporium disease on these two species 


of Photinia was found in pathological literature, al- 


though such a disease is known on P. arbutifolia 
(Ait.) Lindl. in California (9). 
Entomosporium leaf spot is common and severe on 


pears in Louisiana, seattered plantings of which 

















362 PHY TOPATHOLOGY 


occur near the nurseries where the disease was found 


on photinias. The same disease occurs on loquat (Erio 


botrya japonica Lindl.) grown extensively in the same 
nurseries. Quince (Cydonia oblonga Mill.) is not 


grown in the area where the disease Was found on 
photinias, but a number of quince seedlings in an 
experimental orchard of the Department of Horticul- 
ture of Louisiana State University, Baton Rouge. were 


found very heavily affected. There is also one report 
I 





Fig. l. Pypic il svmy 
ture isolates of Entomosporium from P glabra (C) and pear 


toms on Photinia glabra (A) and P. 
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of Entomosporium leaf spot on pyracantha in Louisi- 
ana (7). A preliminary report has been published on 
finding the disease on P. glabra for the first time (8). 

Since the disease appeared to be new on photinias, 
the probability was considered that inoculum for 
these hosts might have originated from either pear or 
loguat. Observation indicated rather strongly that 
infection of photinias did not come from pear. P, 
glabra bushes growing several years directly under 





serrulata (B). Infection of pear seedlings with pure cul- 


(D). 
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severely diseased pear trees were completely tree ot 
tended to 
In the 
nursery in which the disease was first found, P. glabra 


infection. On the other hand, observation 


incriminate the loquat as source of inoculum. 


plants about 200 feet from heavily infected loquats 
were severely diseased, whereas P. glabra plants about 
1000 feet 
trace of infection. 
determine the host 
occurring on different hosts in Louisiana and to ascer- 


from the infected loquats showed only a 
This 


relationship of 


study was undertaken to 


Entomosporiums 


tain the source of inoculum for the infection of 


photinias. 
Klebahn (3). after morphological and physiological 
studies of Entomosporium from various hosts, recog- 


» 


nized 2 species: E. thuemenii (Cooke) Sace., on 


Crataegus; and E. maculatum, on pear, loquat. quince. 
and Amelanchier. Fungus taken from pear infected 
pear, but gave uncertain results on quince and did 
medlar Cra- 


not infect (Mespilus). Cotoneaster, or 


taegus. Fungus taken from quince, on the other hand. 
infected quince and pear readily, caused slight infec- 
tion on Mespilus, Amelanchier, and Cotoneaster, and 
did not 


acters as 


Using morphological char- 


Grove (2) 


infect Crataegus. 


criteria, recognized Entomospo- 


rium maculatum as the only existing species, with 3 


varieties: a) var. domesticum, on Mespilus; b) var. 


mespili, on Cotoneaster, quince, Pyrus sylvestris, 


Vespilus, and Amelanchier; and c) var. cydoniae, 
on quince. Stewart (11) was able to infect pear with 
the fungus from Crataegus and quince. quince with 
and Crataegus 
Laubert (4) 


opinion that the forms of E. maculatum on perr and 


the fungus trom Crataegus and pear, 
with the fungus from pear. was of the 
quince were morphologically and physiologically dif- 
ferent. and suggested that they be respectively differ- 
entiated into f. piri and f. cydoniae. He also reported 
that the fungus from pear would infect apple leaves. 
but that the 
Cotoneaster, and Crataegus did not appear to infect 
fruit Laubert’s view was challenged by Wenzl 
(12), Austria the transfer of the 
fungus from quince to pear was very common. Moore 
that it is best to fungi 
occurring on the different hosts. except possibly that 


closely related forms from MVespi/us, 
trees, 
who stated that in 


(5) suggested regard the 


on Crataegus, as strains of the species EF. maculatum. 
According to Smith (9). E. 
eral fungi causing leaf spots of Photinia arbutifolia in 
California. 


maculatum is one of sev- 
However, he was of the opinion that the 
that 
causing leaf blight of pear. since the disease is not 


fungus on this host may not be identical with 


known on pears in California. 


DESCRIPTION OF DISEASE.—Disease symptoms are 


similar on both species of Photinia except that, in 


general. the leaf spots are more numerous and some- 


what larger on P. serrulata than on P. glabra. Very 
voung infections appear as minute. slightly raised 


dots on either surface of the leaf. These dots gradu 


about 3-4 mm 
(Fig. 1-A.B). 


d pressed center 


ally enlarge. reaching a diameter of 


and extend to the surface 


Older 


opposite 


spots have a slightls and 
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raised, definite margins, and are more or less circular. 
On the juvenile, red-colored foliage of P. glabra the 
young, non-necrotic, lesions are a darker purple than 
older, 
necrotic, spots have ashy-gray centers and dark-purple 
margins. On_ the 


the surrounding healthy tissue, whereas the 


older, green growth, the young 
lesions are purplish, and the older, necrotic lesions 
have ashy-gray centers and dark-purple margins sur- 
rounded by an indefinite, lighter-purplish halo. The 
of the both surfaces are 
dotted with minute black specks, the acervuli of the 


fungus. The spots are discrete in light infections, but 


centers necrotic spots on 


in heavy infections often coalesce to form large lesions 
limited to 


occasionally a few 


of irregular shapes. Infections are mostly 
the leaf 


occur in 


blades. and only spots 


may petioles and tender young shoots. 


Heavily infected leaves fall prematurely, resulting in 
severe defoliation. 

Infection starts in the spring, on the foliage of 
branches close to the ground, and spreads gradually 
upward. This coincides with the profuse production 
fallen 


that the overwintered leaves serve as the chief source 


of conidia on overwintered leaves, indicating 


of inoculum for primary infection. 
MATERIALS AND METHODS.—Two methods were used 


to obtain pure cultures of the fungus: tissue plating 


and single-spore isolations. In the first method, in- 
fected leaves were washed with a brush under running 
water and surface-disinfected with either mercuri 


chloride or calcium hypochlorite; then, small pieces 
of tissue from the margin of the lesions were planted 
on PDA Petri 


pieces per plate. 


(potato-dextrose agar) in dishes, 5 
After 1 week at 


the plates were examined and only tissue pieces show- 


room temperature, 


ing neither fungus nor bacterial growth were trans- 


ferred separately to autoclaved beanpods in tubes. 


This was done because Entomosporium is known to 
grow extremely slowly, and any growth appearing 
within a week of plating was certain to be a contami- 
nant. After a second incubation period, of about 15 
days, small, compact, glistening, white fungus growths 
became visible on some of the tissue pieces on the 
beanpods. These were transferred to agar slants. 
Monoconidial isolates were obtained as follows: 
Under a dissecting microscope, conidial masses were 
picked from acervuli with a sharp needle and sus- 


A few 


pended in a small volume of sterile water. 


drops of the conidial suspension were poured 


Petri plates containing 2© water agar. The plates 
were rotated to spread the suspension evenly on the 
and left 
allow the 
Then, 


single conidia were lifted with the needle and trans- 


surface of the uncovered for a_ few 


agal 


minutes to water of the suspension to 


evaporate. under the dissecting microscope, 


ferred to beanpod agar slants. This method, found to 


be much easier and quicker than the tissue-plating 
method, was the one most commonly used in this study. 

Potted plants of the following hosts were used for 
Photinia glabra, P. ser- 


rulata, pear (Pyrus spp.), loquat (Eriobotrya japont- 


the inoculation experiments: 
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ca), and a Pyracantha sp. Healthy plants of quince 


(Cydonia oblonga) were not available The plants ol 
P. glabra and pyracantha were grown from cuttings: 


those ot the other } hosts irom seed The bulk ot 


the pear seedlings were I iised from seed ota single 
tree, a Chinese sandpear. variety Pineapple. but a 
few came from seed of unknown parentage. However, 


variability among seedlings was not a problem, for 
all the pear seedlings tested proved highly susceptible 


to infection 


Comparative growth studies of isolates from = dif 
ferent hosts were made on 4 different solid media 
potato-dextrose, carrot-dextrose malt extract. and 
beanpod-dextrose agars. Because the fungus sporu- 


lated much more abundantly on  beanpod-dextrose 
agar, only that medium was used for routine transfers 
and for the production of inoculum It was prepared 
as follows: 200 g of either fresh or frozen string 
beans were steamed in the autoclave for 30 minutes 
in 500 ml of water. macerated in a Waring Blendor. 
and filtered through 4 lavers of cheesecloth. Water 
was then added to bring the volume to 1000 ml. and 


90 « of dextrose and 17 ¢« of agar were added After 
the agar was melted. the medium was tubed and 
sterilized 20 minutes at 15 Ib pressure 

In all inoculation experiments. inoculum = consisted 


of a conidial suspension in tap water adjusted to a 
density of about 25 conidia per low powel! field of the 
compound microscope In most instances the inocu 
lum was applied under low pressure with an Erway 
glass sprayer connected to a compressed air line. but 
in some instance a hand-operated atomizer was used 
to apply the inoculum. The inoculated plants were 
kept in a large moist chamber for 5 days after inocu- 
lation, and then placed on a bench in the greenhouse. 
The greenhouse temperature Was kept constant at 
about 80°F 


RESULTS In an exploratory cross-inoculation ex 
periment, 2 plants each of pear. loquat. Photinia 
glabra, and P serrulate were separately inoculated 
with a mixture of isolates from 5 hosts—pear. quince. 
loquat, P. glabra, and P. serrulata, Results wer 


clear-cut. The pear and quince isolates infected peat 
and loquat. but infected neither P. glabra nor P. serru 


lata. The isolates from both species ot photinia in 


fected all 4 hosts Phe loquat isolates caused heavy 
infection on pear and loquat. and very light infection 
(a few seattered lesions) on P. glabra and P. serru 
lata. 

One isolate from each host was picked at random 
and used for all the main cross-inoculation experi 


ments and also for the morphological. cultural. and 
physiological comparisons of the different isolates. 
These isolates were Ac from P. glabra, He from 
P. serrulata, De from pear. Gt from quince. and C 


from loquat 


The results of 5 separate experiments. plants éf 
each host in each experiment. are summarized in 
Table 1. The results of cross-inoculations with single 
isolates were identica with those obtained from 
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inoculations with mixtures of isolates. The pear and 
quince isolates infected pear and loquat readily, but 
failed to infect the photinias. The isolates from both 
species of photinia readily infected P. glabra, P. 
serrulata, pear (Fig. 1-C), and loquat. 

The loquat isolate produced heavy infection on pear 
and loquat, but gave erratic result on photinias: 
infections resulted in some of the tests but not in 
others. Also. in some instances. P. glabra became 
infected but not P. serrudata, or vice versa, and in 
every instance the infection was light (few) small 
spots). None of the isolates was pathogenic to pyra- 
cantha. 

Reisolations were made from pear and loquat seed- 
lings that had been inoculated and infected with 
isolates from P. glabra and P. serrulata, and these 
reisolates were used to inoculate both species of 
photinia, and pear and loquat along with plants 
inoculated with the original isolates from these hosts, 
The pathogenicity of the original isolates was not 
affected by passage through a different host. Thus, 
after passage through pear and loquat, the photinia 
Entomosporium behaved exactly like the original isola- 
tions: it readily infected its original hosts. P. glabra 
and P. serrulata, and also pear and loquat. Further- 
more, the resisolates were indistinguishable in  cul- 
tural characters from the original photinia isolates. 
The photinia form of the fungus, whatever its origin, 
has become a stable physiologic race. 

The results of cross-inoculations showed clearly 
that the photinia Entomosporium is pathogenically 
distinct from the forms on pear. quince. and loquat. 
The same ‘5 isolates used in cross-inoculations were 
compared morphologically and culturally to determine 
whether there were any differences that would corre- 
late with pathogenicity. 

Fifty conidia from each isolate from 20-day-old cul- 
tures on beanpod-dextrose agar were measured.  Fol- 
lowing are the average sizes for each isolate: pear. 
22.8% 13.6 u: quince, 22.0% 12.6 4: loquat, 21.9 12.9 
wu: P. glabra, 24.5X%15.6 4: P. serrulata, 22.0% 12.6 
y. Statistical analysis showed that the differences 
were not significant. Measurements of conidia formed 
on the leaves of the 5 host plants also showed no 
significant differences in. size. shape. color. or septa- 


tion, 

Taste l.-Summary of the results of cross-inoculations 
between 5 Entomosporium isolates and 5 hosts 
two plants of each host in each experiment) 

Isolate and its source 

\c He 

P. P.. ser lk (,t Ce 
Inoculated glabra rulata Pear Quince Loquat 
Peat + * 
Loquat 
P. glabra ' t + 
P. serulata + + = 


Pyracantha 


infection: — no infection: + erratic results 


infection in some trials, none in others 
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Tape 2.-Average diameter (mm) of 35-day-old colonies 
of Entomosporium isolates from 5 different hosts on 
PDA at various temperatures 


Temperature (°C) 


[solate from _ 10 15 20 25 30 
P. glabra 0 2.9°* 6.2 7.0 8.5 0 
P serrulata 0 2.8 6.5 7.8 92 0 
Pear 0 1.4 4.) 1.4 1.6 0 
Quince 0 1.1 2.4 1.3 18 0 
Loquat 0 &; 1.9 5.6 6.3 0 
LSD .05 1.13; LSD .01 1.50 


Means of 5 replications. 


It was noted early in this study that rate of growth 
was consistently greater for the isolates from both 
species of photinia than for the isolates from the 
other hosts. In a series of experiments the growth 
of isolates from the 5 hosts was compared on: a) 4 
different media ( potato-dextrose, carrot-dextrose, bean- 
pod-dextrose, and malt-extract agars) at a constant 
temperature of 20+1°C, b) a single medium (PDA) 
buffered at different pH levels at a constant tempera- 
ture of 20+1°C: ec) a single medium (PDA) at vari 
ous temperatures (5-30°C). The figures in Table 
are representative of the findings of the series of 
cultural studies. None of the isolates grew at 5° C 
or 30°C. The optimum temperature for all isolates 
appeared to be 20-25°C. The same relationship was 
found when the isolates were compared on 4 different 
media at a constant temperature of 20+1°C, and at 
different pH levels on buffered PDA. In all instances. 
the growth of the photinia isolates was statistically 
significantly greater than that of the pear and quince 
isolates. In general. the growth of the loquat isolates 
was intermediate between that of the photinia and the 
pear and quince isolates. but the differences were 
not always significant. 

Discusston.—The Louisiana photinia Entomospo- 
rium is morphologically indistinguishable from FE. 
maculatum, and therefore cannot be considered as a 
new species. However. it fits well the concept of 
“physiologic race.” as defined by Ainsworth and 
Bisby (1) and Stakman and Harrar (10). because it 
differs from the type (the fungus of pear and quince) 
in both pathogenicity and growth characters. On the 
basis of differences in pathogenicity and growth char 
acters. the isolates from the 5 different hosts used in 
this study are classified in the following 3 groups. 
which are considered to represent 3 distinct physio 
logic races: group 1, pear and quince isolates strongly 
pathogenic to pear and loquat, nonpathogenic to P 
glabra and P. serrulata, and forming small colonies 
on artificial media; group 2, isolates from P. glabra 


and P 


species of photinia, pear, and loquat, and forming 


serrulata strongly pathogenic to these two 


colonies on artificial media significantly larger than 
those ot the isolates of group l: group 3. loquat 
isolates strongly pathogenic to pear and loquat, weakly 


pathogenic to P. glabra and P. serrulata, and forming 
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colonies in culture intermediate in size between those 
of groups | and 2. 

No satisfactory explanation can be offered regarding 
the origin of the race pathogenic to photinias. How- 
ever, since no way of introduction can be traced, it is 
not unreasonable to speculate that it arose from 
pre-existing races on some other host, probably either 
pear or loquat. This leads to a second speculation: 
the manner of origin of this race. Physiologic races 
in other groups of fungi, and notably in rusts, have 
been shown to arise chiefly by hybridization, and to 
a smaller degree by mutation. A requisite for hybridi- 
zation is the existence of a sexual stage. The Fabraea 
(sexual) stage of this fungus has never been found 
in Louisiana. In 1941 Plakidas (6) reported that he 
had failed to find the perfect stage of the fungus on 
overwintered infected pear leaves, and, in the course 
of this study, a diligent but fruitless search for the 
Fabraea stage was made on overwintered infected 
leaves of pear, loquat, and photinia. It appears then 
that the perfect stage of this fungus does not occur 
at all in Louisiana, or occurs so rarely as to be easily 
overlooked. In either case, it does not seem very 
likely that the photinia race arose from hybridization. 
It is conjectured that it arose as a mutant from some 
pre-existing race, probably from that on loquat. 

DEPARTMENT OF Botany, BactertoLocy & PLANT 

PATHOLOGY 
LOvuISIANA STATE UNIVERSITY 
Baton Rouce. Louisiana 
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CUCURBIT MOSAI( 


R. G. Grogan. 1). 


VIRUSES 
H. Hall. and K. A. Kimble? 


IN CALIFORNIA’ 


st MMARY 


The cucurbits 
in the desert valleys of southern California during 


most prevalent viruses infecting 


1956-1958 were strains of WMV (watermelon 
mosaic virus). Second in prevalence were strains 
of cucumber mosaic virus. Both are spread by 
aphids, and are rarely if ever transmitted by seed 
of commercial varieties and species of cucurbits. 
Squash mosaic virus, although commonly trans- 


mitted by seed of commercial varieties and spe ies 
of cucurbits. in the desert 
leys because 


rare val- 
spread was precluded by the paucity 


was extremely 


of its cucumber beetle vectors. In areas of the state 
where cucumber beetles occur more abundantly, 
squash mosaic virus was more prevalent. Strains 
of WMV were reisolated following mechanical in- 
oculation of several varieties and species of plants 
in the families Umbelliferae, Malvaceae, and Le- 
guminosae. Strains of the virus were isolated from 
alfalfa, Malva parviflora, and Melilotus indica col- 
lected in nature, indicating that these, and possibly 
other hosts, may be important as natural sources 


of primary WMV inoculum. 





The literature on naturally 


occurring Mosaic viruses 
and virus diseases of cucurbit hosts is replete with 
various names for both the viruses and the diseases. 
In many instances, the viruses are incompletely de- 


scribed and characterized. engendering considerable 
uncertainty and confusion on their identity and rela- 
tionships, and the etiology of the diseases. Some 
reports have been concerned with seed transmission, 
insect vectors, or host range of a virus. but have 
seldom presented the information on all three that is 
so essential for understanding the etiology of the 
diseases. 

The present report is concerned with the identity, 


mosal 
the 


and squash in the 


relative prevalence, and etiology of cucurbit 


viruses in California, with special emphasis on 


viruses of cantaloupe. watermelon 


desert valleys of Southern California. 


REVIEW Occurrence of cucurbit 


mosaic 


Ot LITERATUR} 


viruses in California During the past several 


years, cucurbit crops (cant iloupe, watermelon, Honey 


Dew melon, and squash) grown in the Imperial Valley 


and other desert areas of Southern California for 
spring and early summer harvest, have been severely 
damaged by mosaic virus diseases. In the authors’ 
experience, only rarely are plants infected early in 
the growing season, but in late May and June practi- 
cally 100° of the plants usually become infected. 
That has been the situation since 1940 or earlier. In 
that year Milbrath (18) reported that a mosaic disease 
was widespread in many fields of watermelon grown 


in the Imperial Valley for spring harvest. No mention 


was made of 


mosaic infection of cantaloupe. squash. 

or other cucurbits. undoubtedly being grown in the 
area at that time 

A report in 1942 by Middleton and Whitaker (16) 


“lethal disease” of 


CM\ 


but it mentioned “Common Cantaloupe 


was concerned primarily with a 


cantaloupe caused by i strain of (cucumber 


mosaic virus). 
Mosai = 


prevalent in the Imperial 


that had been 


rhe 


virus disease 


Valley 


and said it was a 


for many vears 
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virus was not identified, but was said to be seed-borne 
in cantaloupe; however, data were not presented on 


percentage of seed transmission. 


In 1946 Middleton and Whitaker (17) reported 
widespread occurrence of “cantaloupe mosaic.” pre. 
sumably the same as the “Common Cantaloupe 


Mosaic” 
vields of cantaloupes and Honey were 
the af- 
fected. They tested several Honey Dew and cantaloupe 


They 
Dew 


more 


previously mentioned. reported that 
melons 
Honey Dews severely 


decreased, with 


seed stocks used to plant commercial acreage that 
year, and reported virus seed-transmission by all. They 
inferred that infected seed was the source of the canta- 
loupe mosaic virus in Imperial Valley, but presented 
the virus 
as that common in the cantaloupe fields. 1949 
Middleton (15) the 
Imperial and Palo Verde valleys, in southern Cali- 


was the 
In 


surveys of 


no evidence that seed-borne same 


reported data from 
fornia, to determine the prevalence of viruses infecting 
the 
Samples of virus-infected plant material were collected 


cantaloupes and other cucurbits in two areas. 


from 53 local areas in the period May 9 to June 13, 
1949, 


sinensis were inoculated with sap from each sample, 


Cucurbita pepo, Citrullus vulgaris, and Vigna 


and the viruses were separated on the basis of reaction 


on these three hosts into 3 groups: 1) “Cucumber 
virus 1.” which caused symptoms on all 3. hosts; 
2) “an undescribed cucumber virus.” which caused 


3) 


symptoms 


symptoms only on squash; and “squash mosaic 


virus.” which caused = systemic only on 


squash and watermelon. “Squash mosaic virus” was 
most prevalent. being present in 160 of 179 collections. 


The 


in 13 collections, and 


“undescribed cucumber mosaic virus” was present 
The 
present authors interpret the above data as follows: 
The virus that 
the 
the virus that he called squash mosai 


“cucumber virus 1” in 6. 


Middleton called Cucumber virus 1 is 
this 
virus should 


same as Cucumber mosaic virus in 


paper; 
be called watermelon mosaic. This conclusion is sup- 
ported by Freitag’s report that watermelon did not 
react to squash mosaic virus inoculations (9), and by 


Hall. and Walker (12) that 


7 of their collections of squash mosaic virus showed 


the report of Lindberg. 


no reaction on watermelon, and that | strain produced 


local lesions but no systemic reaction. 
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“undescribed 


called 


probably 


Some of the virus collections 


cucumber mosaic virus” were strains of 
squash mosaic virus, but others were probably strains 
ef watermelon mosaic virus. This conclusion is based 
on experience with virus-infected samples that infected 
squash, though not watermelon, in initial tests, but 
in further tests were found to infect watermelon 
eystemically. Such samples might have been classified 
as squash mosaic virus if no recheck had been made. 

Dickson et al (3), 
the virus complex surveyed by Middleton (15), said 
that Diabrotica beetles 


Imperial Valley. and that the most prevalent canta- 


in a report on insect vectors of 


were extremely rare in the 
loupe viruses were aphid-transmitted in a non-per- 
sistent manner. They also reported that virus-infected 
plants were very rare early in the season, and that 
only one seed-borne-mosaic-infected cantaloupe plant 
was found in the desert areas in 1949, even though 
many plants were observed. 

1948, described a 


virus in the interior valleys 


Severin and Freitag (21). in 


strain of cucumber mosaic 
of California that produced on sugar beet a systemic 
They 


blister-mottle type of leaf distortion. named the 


strain “Western Cucumber Mosaic Virus.” In the 
past few years the present authors have collected 
many different samples of cucumber mosaic virus 
commonly occurring on a number of hosts in Calli- 


Different hosts have exhibited considerable 


reaction 


fornia. 


variability in to these collections, indicating 


a number of different strains. For example. some 
strains. producing systemic symptoms in beans and 


that 
virus 


respect to the strains of 


Whipple and 


peas. are similar in 


cucumber mosak described by 


Walker (26). Other strains commonly occurring on 
celery in California are similar in host range and 


virus strain described 
Florida. All of the 


have been tested produced 


reaction to the cucumber mosai 
by Wellman (25) on 


CMV _ that 


celery in 


collec tions ot 


systemic symptoms on young sugar beet seedlings 
growing under warm temperatures. It is therefore 
our contention that the name “Western Cucumber 


Mosaic Virus” does not necessarily refer to any single 
strain of CMY. and that the name should not be used. 


it suggests that a single strain of the virus 


he ause 
occurs in the western part of the United States. 


Recent reports by Rosberg (20) and by Shepherd 


and Struble (22) on the association of a pimples 


disease of watermelon with TRSV_ (tobacco ringspot 
virus) tell of isolating the virus from watermelon 


fruit with pimpled surfaces. However, neither report 
presented good evidence of inducing pimples by inocu- 
lations with TRSV. 

Watermelons in affected 


with a pimpling on the surface of fruits and stems 


California are commonly 


The authors have often attempted to recover TRS 
by extracting juice from pimpled fruits and inocu 
lating various host plants in the greenhouse. Inocu- 


lum has been taken from inside of the fruit to obtain 


the white tissue that Shepherd and Struble (22) 


TRSV than did 


said 


contained less inhibitor to green 


MoOsAI( 
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watermelon tissue. All tests were negative. In one 
test, graft-inoculations were made by inserting chips 
of tissue from pimpled fruits from the Imperial Valley 
into the stems of 10 healthy watermelon plants. Three 
not. In other 


tests, juice from pimpled fruits from Davis, California, 


developed watermelon mosaic; 7 did 


was inoculated to various hosts in the greenhouse, but 
It therefore appears to the 
authors that TRSV is not associated with the pimples 
instead 
appears to be a physiological abnormality of unknown 


no virus was recovered. 


disease of watermelon in California, which 
etiology. 

Seed 
Cucumber mosaic virus has been reported to be trans- 
mitted to the (Echinocystis 
lobata) (4. 5. 6). This has been confirmed by Lind- 


Hall. and Walker (12). Doolittle and Walker 


(6) failed to transmit the virus through the seed of 


transmission of cucurbit mosaic viruses. 


seed of wild cue umber 


berg. 


cucumber, squash, muskmelon, or pumpkin, and con- 
cluded that seed transmission does not occur through 
these hosts. or is rare and of little significance. 
RSV is known to be 
(24), but not 


Oc’ asionally 


in some of 
in watermelon seed (22), and 


(23). 


seed-transmitted 
its hosts 
seed 


only in cucumber 


Lindberg, Hall, and Walker (12) reported obtaining 


their “RMV” strain of WMV (watermelon mosaic 
virus) from an infected seedling. indicating that this 
strain may be seed-transmitted. However, the data 
reported herein indicate that strains of WMV are 


rarely, if ever, seed-transmitted, 

Of the many reports on seed transmission of mosaic 
viruses by various cultivated cucurbits, probably most 
are concerned with strains of squash mosaic virus. 
The percentage of seed transmission has been variable. 
For example, Rader, Fitzpatrick, and Hildebrand (19) 
reported that transmission varied from 12 to 43% in 
seed from 3 single-plant selections of muskmelon, and 
stocks. 


Mahoney (13) reported that seed transmission ranged 


from 27.9 to 93.5‘ in 2 other melon seed 


from 1.0 to 17.007 in 5 different selections and aver- 
aged 27.1 in 5 other single-plant selections of melon. 
Keener (10) reported transmission of an unidentified 


virus by commercial seed samples of cantaloupe and 
Honey Dew The 


by Honey Dew seed ranged from 1.4 to 3.4% 


transmission 
but the 
percentage transmission by cantaloupe seed was less 


than 1% 


melon. percentage of 


There have been a number of reports from Calli- 


fornia on seed transmission of cucurbit viruses. In 
1934 Kendrick (11) reported 0.23°7 seed transmission 
unidentified virus by commercial muskmelon 
1944 Middleton (14) reported that 0.96% 
of seed from virus-diseased squash plants transmitted 
squash added that Freitag had 
identified Kendrick’s seed-transmitted virus as squash 
1946 Middleton and Whitaker (17) 


virus by com- 


of an 
seeds, In 
and 


mosaic virus, 


mosaic virus. In 
reported 2.1-6.2% transmission of a 
mercial seed stocks used to plant commercial acreage 
Dew melon in the Imperial Valley. They 


1.4-4.7% of PMR No. 5 


of Honey 


also reported that seed of 
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did 18.506 ot seed 


from another cantaloupe plant that they had harvested. 


cantaloupe transmitted virus, as 


Although they called the virus cantaloupe mosaic, 
one gets the impression that they thought it was the 
same virus that had been called squash mosaic virus 
by Middleton (14). It was inferred also that seed 
transmission was an important source of the virus 


affecting commercial cantaloupe fields in the Imperial 
Valley. However. the reported rarity of seed-borne- 
virus-infected cantaloupe plants in the Imperial Valley 
early in the season (3) indicates that the principal 
virus of cantaloupe in the area is rarely, if ever. seed 
transmitted. 

Insect vectors of cucurbit mosaic viruses Some ot 


cud umber 
Diahroti« a 


the earlier reports indicate that 


mosaic virus strains transmitted by 
beetles and aphids 


Freitag (7) squash 


reported that mosaic Virus Was 
readily transmitted by Diabrotica beetles. and _ infre- 
quently by 5 species of aphids. Cucurbit ring mosaic 
virus was shown to be strain of squash mosaic virus 
transmitted by beetles only (12 In 1952 Freitag (8) 
reported that squash mosaic virus and cucurbit ring 


mosaic were transmitted by beetles and not by aphids. 


In 1956 Freitag (9) reported that beetles transmitted 
squash mosaic virus I! persistent manner but did 
not transmit cucumber mosaic virus in several tests. 
The viruses that Freitag (8) called cantaloupe and 


western watermelon mosak 
Hall. and Walker (12 


melon mosaic. 


viruses and that Lindberg, 


showed to be strains of water- 


were transmitted by aphids and not by 
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aphids in a nonpersistent manner, could possibly be 
squash mosaic virus. In fact, the survey data pre. 
sented by Middleton (15) as interpreted by the pres. 
ent authors indicate that the principal virus of canta. 
loupe and other cucurbits in the desert valleys of 
California is watermelon mosaic virus. 
\ SURVEY OF 


DESERT VALLEYS. 


CUCURBIT MOSAIC VIRUSES IN WESTERY 
In 1956-58 samples of virus-infected 
cucurbit hosts were collected from the desert valleys 
of southern California and from the Yuma Valley of 
Arizona. A juice extract from each sample was inocu. 


lated to a differential host range in a greenhouse at 


Davis. The host range consisted of Vigna sinensis 
Savi (cowpea var. Black). Nicotiana glutinosa L.. 
Citrullis vulgaris Schrad. (watermelon var. Striped 


Klondike ). 


Small Sugar). 


and Cucurbita pepo L. (pumpkin var, 
From the reactions of these hosts the 
virus content of each collection was identified: 
strain of CMY 
of local 


cowpea, severe stunting and necrotic spotting of young 


as a 
from symptoms on all 4 hosts consist. 
lesion or occasionally 


ing systemic mottle on 


leaves of watermelon with subsequent recovery in new 


growth, systemic mottle and leaf distortion in_N, 
glutinosa, and severe systemic yellow mottle and 
stunting of Small Sugar pumpkin; as a strain of 


WMV from no symptoms in cowpea and N. glutinosa, 


and systemic mottle in watermelon and Small Sugar 
pumpkin; as a strain of SMV from no reaction on 
\. glutinosa or cowpea, local lesions or no reaction 





on watermelon, and mottle and leaf distortion or. more 
commonly, a ringspot mottle of Small Sugar pumpkin; 


beetles. Freitag (8) described WMV as a nonper- as a mixture of CMV and WMV from systemic mottle 
sistent aphid-borne virus transmitted during short of new-growth of watermelon after other members of 
feeding periods following a period of starvation. It the host range had indicated CMV. The mixture could 
seems quite unlikely, therefore. that the principal usually be proved by isolating WMV free of CMV in 
cucurbit mosaic virus the Imperial Valley. which the growing tips taken from such watermelon plants. 
according to Dickson et al (3) is transmitted by The data from this survey, presented in Table 1, 
TABLE | The ¢ rre relative prevalence of several viruses of cultivated cucurbits in the desert valleys of 
Southerr (_aittorr ! fhie ) ma la ey {rice r 
Frequen vy ot recovery 
Mixture of 
cucumber and 
Number of Cucumber Watermelon watermelon Squash 
Location and date of collect Host collections mosaic mosak mosal mosak 
Imperial Valley 1956 Squash and Cantalouyy 97 12 84 0 l 
Yuma Valley. Arizona 195¢ (‘antaloupe 8 0 8 0 0 
Palo Verde Valley 195¢ Honey Dew! 13 0 13 0 0 
Coachella Valley 1956 Squash ri 0 ri 7 0 
Imperial Valley 2 Squash 21 0 20 0 l 
Imperial Valley 5/15 Watermelon 13 0 13 0 0 
Cantaloupe 28 l 13 13 ] 
Yuma Valley, Arizona Cantaloupe 19 3 7 9 0 
Palo Verde Valley Cantaloupe 12 2 7 4 0 
Watermelon 12 0 12 0 0 
Imperial Valley 2/235! Squash 20 0 20 0 0 
Coachella Valley 2/23 Squash } 0 ; 0 0 
Imperial Valley 3/31/58 Squash sf 2 6 0 0 
Coachella Valley 5/11/5! Squash 8 0 8 0 0 
Imperial Valley 5/11/58 Cantaloupe oo l 3 2 0 
Yuma Valley, Arizona 5 Cantaloupe 18 2 12 } 0 
Totals 563 23 306 7 3 
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show conclusively that WMV was the most prevalent 
virus affecting cucurbit hosts in the desert valleys of 
California and the Yuma Valley of Arizona. It was 
present, alone or in combination with CMY, in 337 
of the 363 samples; CMV was second-most prevalent, 
present, alone or in combination with WMV, 


being : ; 
SMV was present in only 3 samples 


in 54 samples; 
(which could be accounted for by seed transmission, 
with little or no spread in the areas surveyed). These 
data. together with the report (3) that aphids were 
very abundant and cucumber beetles very rare in the 
desert valleys, tend to substantiate the reports (9, 12) 
that SM\ beetles but not by 
aphids. 

The relative prevalence of CM\ and WMV. each 


virus either alone or in combination with the other, 


strains are spread by 


> 


was fairly consistent during the 3 years of the survey 
-respe¢ tively: 96% and 89% of all samples in 1956, 
990, and 93% in 1957, and 9% and 96% in 1958. 
The outstanding difference was the greater percentage 
of CMV in 1957. 
DEVELOPMENTAL SEQUENCE OI 
IMPERIAL VALLEY O1 


MOSAIC IN CUCURBIT 
The 


incidence of mosaic infection on cantaloupe and other 


CROPS IN THE CALIFORNIA, 
eucurbits in the Imperial Valley increases so rapidly 
that it can be likened to an explosion. The typical 
development in 1958 illustrates the 
Before it is described, note should be taken (Table 1) 
that the virus-infected specimens collected in February 


usual process. 


and March were all squash (Cucurbita pepo, varieties 
Zucchini, Bush Seallop. or Yellow Crookneck). The 
planted that early 
with hot 
cucurbits 


few cantaloupe and watermelon 


had not yet emerged or were still covered 


caps. Therefore, the only virus-infected 


that could be found were squash that had been planted 
under brush-protection for winter harvest. Some acre 
age, planted in August of the previous year, contained 
a large percentage of virus-infected plants. However, 
most of the squash had been seeded in December or 
small percentage of these 


January. and only a very 


were virus-infected. In fact, not a single virus-infected 


plant could be found in some of the plantings on 


February 23. 


All the February collections yielded only WMY., 
except for a single collection of SMV. in February. 
1957. 

About 1 month later (March 31), the percentage 


in the same 
with no planting virus-free. Collec- 
tions at this time yielded 2 samples of CMV. and 36 
of WMV. 
Hot caps 


of infected plants had increased greatly 
squash plantings. 


were removed shortly thereafter, and. 
according to Dr. G. W. Bohn. mosaic was first observed 
in cantaloupes on about April 15 (personal corre- 


Bohn). By May 11. 


area was revisited. most cantaloupe fields were heavily 


spondence with Dr. when the 
infected, making virus-free plants hard to find in many 
of them. 

One might conclude that the winter squash plant- 


ings are the principal reservoir of the viruses that 
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infect cantaloupe and watermelon planted later. How- 
ever, the squash plantings are small, widely separated, 
and free of virus during early growth, indicating that 
there is some other source of WM\ 
Valley. 


The absence of 


inoculum in the 


wild cucurbitaceous hosts in the 
cultivated areas of the Valley suggested the possibility 
of non-cucurbit hosts of WMV in the native or culti- 
vated flora. The results of a search for such hosts are 


reported in a later section. 
TESTS FOR SEED-TRANSMISSION OF CURCURBIT VIRUSES. 
Tests of commercial seed or seed harvested from 
commercial fields by the authors—Commercial seed 
stocks of cantaloupe, Crenshaw melon, and Persian 
melon from two seed 


commercial companies were 


planted in sterilized soil in a greenhouse at Davis. 


About 500 seeds of each of 13 seed stocks were 
planted, from which 5720 seedlings emerged. Of 
these. 15 (about 0.35.) were virus infected. When 


saps extracted from the 15 virus-infected seedlings 
were each inoculated to a differential host range, none 
reacted on cowpea or N. glutinosa, but most gave 
local lesions on watermelon and a systemic ringspot 
mottle on squash, typical reactions of these hosts to 
the cucurbit ringspot strains of SMV (12). 

In another test 10 different seed samples of Cren- 
shaw, Zucchini pumpkin 


were planted in a greenhouse bench as previously 


squash, cantaloupe, and 
Of 2612 seedlings that emerged, 8 (about 
0.3% ) virus-infected. When inoculated to the 
differential host all 8 samples were identified 
as the cucurbit ringspot strain of SMV. 

In the Yuma Valley of 


eat h of 


des ribed. 
were 
range, 
Arizona in 1957, | fruit from 
5 virus-infected cantaloupe plants was col- 
lected, and samples of leaf tissue were taken from the 
same 5 plants. The viruses in the leaf samples were 
identified as follows: 4 plants were infected with both 


CMV and WMV: 1 plant was infected with WMV 


alone. Seed from the 5 fruit, bulked and planted in a 


greenhouse bench of sterilized soil, produced 1250 
seedlings, none of which were virus infected. 
In 1956, 496 seed samples were received from 


i. ws 


harvested 


Whitaker, each containing 24 cantaloupe 


seeds from virus-infected plants at the 


Southwestern Irrigation Field Station. Brawley, in the 


Valley. About 


Imperial 11,000 seedlings were pro- 
duced therefrom. and carefully observed for 1 month 
after emergence. None were virus infected. Since 


surveys in the Imperial Valley in 1956, 1957, and 
1958 have shown that strains of WMV and CMV are 
prevalent there, it seems likely that the plants from 
which the seed was obtained were infected with these 
viruses. It appears, therefore, that neither of these 
viruses is commonly transmitted in cantaloupe seed. 

Transmission by seed produced on inoculated plants. 

The that SMV is 
transmitted in commercial seed stocks grown in Calli- 


fornia. They also indicate that CMV and WMV are 


rarely. if ever, transmitted in cantaloupe and other 


above data indicate commonly 


cucurbit seed. To obtain more precise data on virus 














370 PHYTOPATHOLOGY 


Paste 2.—Amount of vir transmission through seeds of 
watermetion al 
Cucurbita maxima Duct Bh ercup squasi 
Cucurbita maxima Duct H bard squasl 
Cucurbita maxima Duct pink banana squast 
Cucurbita mixta Pat KI vn? 
Cucurbita mixta Pan | " ee sweetpotato squash 
Cucurbita moschata Due itternut squash) 
Cucurbita pepo | iccl isl 
( hita pepo | | k I s 
( mil mie | ! 
( r melo | Rocky | 
Citr aris & iN 
( aa » N 
( fa sor r B 
Tota 
transmission in seed trom plants known to be intected 
with WMV or SMV at early stage, the tollowing 
work was done The « rbitaceous hosts listed in 
Table 2 were planted i greenhouse, and the first 


ilated mechanically with either 


had developed, the 


true leaves were ino 


SMV or WMV After mptoms 


seedlings were transplanted to a field near Davis 
California for seed prod tio Shortly before the 
fruits were harvested : ples of tissue trom each of 


plants were noculated to a. differential 


the mother 


the re house to confirm. § infection 


host range in v el 
with either SMV or WMV Kach was 
the virus inoculated to it. except that the 


SM\ 


from each infected plant were sown in the 


t 


infected with 
W“ itermelon 
intected vith seed samples 


plants were not 


greenhouse 
to test for seed transmis I The results are = in 
Table 2. WMV was 
of the ind variet 


through 


iot transmitted bv seed of any 
S\I\ Was 


several but not with extremely 


5 Rocky Ford canta 


species transmitted 
variable 
transmission, ranging trot 
loupe ' to none (5 hosts 

Hos 
listed a 
strains of WMV. but hosts outside 


have not heen reported heretofore 


) 


OF STRAINS OF WM\ Anderson (2 


RANGI 
number of cucurbit that are susceptible to 
the family Cucu 
bitaceae 

The failure of the virus to transmit through cucurbit 
absence ot 


Imperial Valley. and the 
plants 


seed. the wild cucurbits near cultivated 


areas of the scarcity. ot 


virus-infected squash and cantaloupe during 


the first month or so of the 
that hosts other 


growing season suggested 


than cucurbits are susceptible to the 


virus, 


set eral 
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cucurbit hosts mechanically inoculated with squash or 


Squash mosaic virus Watermelon mosaic virus 
No. No. q No. No. % 
seed virus seed seed virus seed 
lings infected trans. lings infected trans. 
152 6 Bp: 518 0 0 
18 l 0.2 105 0 0 
159 7 L5 1O8 0 0 
219 0 0.0 184 0 0 
295 l 0.3 131 0) 0 
2i 0 0.0 03 0 0 

78 } 1 194 0 0 

29 0 0.0 88 0 0 
50 D4 6.6 (No fruit set) 

3] 89 20.7 No fruit set) 
Not virus infected) (No fruit set) 

10) 0 0.0 65 Tt) 0 
159 0 0.0 16 0 0 
Qg] 2 7) S712 0 0 
Po test this hypothesis, juice from Small Sugar 


pumpkin plants recently infected with collection 9 of 
WMV (Table 3) 


following species, representing 7 


inoculated to the 
U MBELLI- 


was mechanically 
families: 
Daucus carota L., carrot, var. Long Imperator; 
Utah 10B = and 


‘ orl 


FERAI 


{pium graveolens | . celery Vars. 


Golden Self-Blanching; Coriandrum sativum L.., 


inder: Anthriscus cerefolium Hoftm.. salad chervil. 
LecuUMINOSAE—Melilotus indica All... sour clover; 
Velilotus officinalis Lam... vellow sweet clover: 
Vedicago sativa L., alfalfa var. African: Medicago 


Sesbania macrocarpa 

Black: 
faba L.. 
garden pea var. Wyo- 
L... Blue lupine; 
Phaseolus 
Lima bean var. Henderson Bush: 
alsike clover; Trifolium in- 
Trifolium pratense L.. 


hispidia Caerton, burt lover: 


Muhl.: 


Lathyr is 


}igna sinensis Savi, cowpea var. 


odoratus | af Vicia 


sweet pea: 
broadbean: Pisum sativum L.. 
ming Wonder: 
Phaseolus vulgaris L.. bean var. Bountiful; 


Maef.. 


hybridum L.. 


Lupinus Airsutus 


Vrensis 
Trifolium 
carnatum L., crimson clover: 


red clover; Trigonella foenum-graecum L., fenugreek: 


Cyamopsis psoraloides DC., guar. MALvacear—Gos- 
sypium hirsutum L., cotton var. Acala 442; Hibiscus 
sabdarifia L.. rozelle: Hibiscus esculentus L.. okra 


( heeseweed. 


var. White Velvet: 
SOLANACEAE—Capsicum 
Wonder: 


tuberosum L.. 


Valva parviflora Ris 
annuum LL... pepper — var. 
virida Vilm.. petunia: 
potato var. USDA Seedling 


Vie otiana ¢ let elandu 


California Petunia | 
Solanum 
11956: 


(ray. 


Vicotiana glutinosa ies 
Coreopsis tinctoria Nutt. tickseed 
sp. GRAMINEAE—Hordeum 
Atlas 46; Zea mays L.. 


COMPOSITAE 
and Emelia vulgare L.., 


barley var. 





=—weet corn var. 


ERENT OE ENT 


pewnnaree—t 





Ji 


G 





Sh or 
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Golden Cross Bantam. CHENOPODIACEAE—Beta vul- or cotton. Cotton showed a leaf mottling suggesting 
garis L., sugar beet var. U. S. 400. virus infection, but is not considered a host of WMV; 
Thirteen days after inoculation the leaves of garden the virus was not recovered from cotton by either 
pea were definitely mottled; the leaves of crimson mechanical or aphid inoculations to Small Sugar 
clover, alsike clover, red clover, and okra appeared pumpkin seedlings. 
slightly mottled, but too indistinctly to be recorded Repeated tests probably would show that more of 
as definite. the plant species in the tests are susceptible to more 
Three weeks after inoculation of the test plants, of the virus collections than these data indicate, and 
Small Sugar pumpkin seedlings were mechanically the host range of strains of WMV undoubtedly in- 


inoculated with sap extracted from each of the varie- cludes species not tested, 

ties and species in the test to determine if WMV could These data do show. however. that WMV is com- 
be recovered. The virus was recovered from fenu- posed of a number of strains, readily infecting mem- 
greek, sweet pea. crimson clover, pea, lupine, guar, _ bers of the Cucurbitaceae but differing in their ability 
coriander, and chervil. to infect species in other plant families. 

To determine whether the host ranges of other WMV symptoms on several hosts.—Eight of the 12 
collections of WMV are similar to that of collection 9. WMV collections listed in Table 4 were recovered 
12 different collections of WMV (Table 3) were’ from sweet pea, but none produced any observable 
inoculated to the various host plants listed in Table 4. symptoms on this host. Crimson clover was faintly 
Inoculum source of each of the 12 viruses was Small mottled by several of the collections, but virus was 
Sugar pumpkin plants recently infected. After inocu- not recovered from all that showed symptoms. Collec- 
lation the various test plants were observed for symp- tion 3, originally isolated from sour clover, produced 
tom expression. and sap extracts from any that ap- definite mottle in this host; 1 and 2 produced only 


peared to be virus infected and from some that were mild mottle; 6 produced no symptoms, None of the 
symptomless were inoculated to Small Sugar pumpkin — collections produced symptoms on yellow sweet clover, 
plants to check for recovery of the viruses. Results burr clover, or sesbania, and only collection 8 was 
are presented in Table 4. All of the collections except recovered from these hosts. In all instances in which 


number 5 were recovered from at least some of the a virus collection was recovered from garden pea, 
varieties and species outside of the Cucurbitaceae. definite symptoms were evident: 1) distinct mottle 
There was considerable difference, however. in the with no leaf necrosis, or 2) severe mottle, leaf necrosis, 
host range exhibited by the viruses. For example, and severe stunting. Symptoms produced in_ broad- 
collection 8 was recovered from 14 of the 17 species. bean and vetch were very indistinct, ranging from no 
but collection 5 was recovered from only the 3 cucur- obvious symptoms to very faint mottle. Symptoms in 
bitaceous species. Anderson's and Freitag’s strains lupine ranged from a very mild to a distinct mottle. 
of WMV were somewhat more restricted in host range Some collections produced definite mottle in guar, 
than some of the California collections. but were but most induced only a very mild and_ indistinct 
recovered from 3 species of the Leguminosae. mottle. None of the collections produced definite 

Sweet pea. garden pea. and guar were infected by symptoms in rozelle, but 7 of the 12 collections were 
more collections than any other members of the reisolated from this host. Six of the collections pro- 


Leguminosae, and in the Malvaceae, rozelle and malva duced mottle and leaf clearing in okra, but only 2 


were susceptible to more collections than were okra were recovered. Malva parviflora showed yellow mot- 
Taste 3.Source of watermelon mosaic virus collection used in host range tests 
Virus collection Source of collection 


Anderson’s WMV Kindly furnished to authors by Dr. J. C. Walker. It is a subculture of WMV received by Lindberg 
et al (12) from C. W. Anderson. of Florida. 


Freitag’s WMV Kindly furnished by Dr. J. H. Freitag. Probably a subculture of WMV (12) 


+] Isolated in 1957 from alfalfa collected at Southwestern Irrigation Field Station in Imperial Valley 
near Brawley, California. 


#2 Isolated in 1957 from Malva parviflora collected near Brawley, California. 
#3 Isolated in 1957 from Melilotus indica collected near Brawley, California 
#4 Isolated in 1957 from mottled and misshapen watermelon fruit collected near El Centro (Imperial 


Valley), California. 


#5. 6. 7 Isolated in 1957 from squash collected near Niland (Imperial Valley), California 
#8 Isolated in 1957 from squash collected near Brawley, California 
9 Isolated from squash collected near San Bernardino (San Bernardino Co.), California 


#10 Isolated in 1957 from watermelon collected near Woodland (Yolo County), California. 
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tling and yellow spotting of the leaves, and the virus 
was not recovered from any symptomless plants. All 


leaf distortion on 


n addition some produced a necroti 


of the strains produced mottle and 


watermelon, and 


flecking of the leaves of some plants. Inoculum taken 
from plants showing leaf necrosis and reinoculated to 
watermelon usually produced only the typical mottle 
and leaf-cupping symptoms, indicating that the ne- 
crotic reaction in watermelon may be due to a differ 
ence in genetic makeup of individual plants rathet 
than to differences in strains of the virus. All of the 


strains produced only mottle and leaf distortion symp 
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HOLOGY 


WMI 


cucurbits in nature. 


strains 


and € Vi non. 
During 1956 CMV was recovered 


from 2 


Recovery of from 


(by mechanical inoculation) samples of So. 
lanum elaegnifolium Cay. collected in the Imperial 


Valley 


were made that 


near Holtville. California. No other recoveries 


year in 22 other attempts to recover 
cucurbit-infecting viruses from samples of non-cucur. 
bitaceous hosts suspected of being virus-infected. The 
other host plants collected from several locations jp 
the Imperial Valley and number of samples of each 
tested 


1 Baccharis glutinosa Pers.. 4 Erigeron 


8 Helianthus 


were: 


candensis L.. annuus L.. 1 Brassica 


toms on citron, with no necrosis. All of the collections campestris L.. 1 Melilotus alba Desr., 2 Lactuca ser. 
produced similar symptoms on Small Sugar pumpkin riola ca l {ster spinosus Benth... 3 Chenopodium 
consisting of a distinct mottle but only slight stunting. album L., and 1 Malva parviflora L. 
and eventually raised. green. blister-like areas devel Since alfalfa (Medicago sativa L.). sour clover 
ope d on the le ives { Ve lilotus indica All.) and ‘ heeseweed { Valva par- 
Tance 4.--Re é elon mosa strains from mechanically inoculated plants in host-range tests* 
Virus collection 
Ande Frei Total Total 
son ta recov at- 
Hosts WMV WMV Ht | #9 $3 44 #5 6 #7 #8 x9 #10 ered tempts 
Leguminosae 
Sweet pea 8 12 
Crimson clover } 1] 
Sour clover } 1] 
Yellow sweet ¢ l 12 
Bur clover l 12 
Garden pea 8 12 
Vicia faba 2 4 
Vetch 2 4 
Sesbania l 12 
Blue lupins 6 ll 
(,uar 7 12 
Alfalfa ] 12 
Valvacea: 
Cotton 0 12 
Rozelle 7 12 
Okra 2 12 
Malva 6 12 
Cucurbitaceae 
Watermelon 12 12 
Citron 12 12 
Small sugar puMpkKil 12 12 
' 
lotal recovery at 
tempts of each vir vy) 19 lo lf 7 18 18 17 7 7 17 
Total successful re 
coveries of each virus ( 6 12 lL] LO } 11 } 14 10 5 
; indicates virus was recovered; blank spaces indicate no attempt to recover virus was made. 
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viflora L.) had proved susceptible to several collections 
of WMV when inoculated mechanically in the green- 
house (Table 4), a number of samples of these hosts 
were collected in the Imperial Valley during the 1957 
season to determine whether the virus could be re- 
eovered from them in nature. Mechanical inoculations 
made to a differential host range with sap extracts 
from these samples gave the following results: of 13 
samples of sour clover, 1 yielded WMV, 9 yielded 
alfalfa mosaic virus, and 3 yielded no virus; of 5 
samples of Malva parviflora, 1 yielded WMV and 4 
yielded no virus: of 10 samples of alfalfa. 1 vielded 
WMV. 2 vielded alfalfa mosaic virus, and 7 yielded 
no virus: 7 samples of sugar beet. which was not 
susceptible to WMY in greenhouse inoculations, yielded 
no virus. 

During the 1958 season 25 samples of alfalfa with 
mottled or distorted leaves were collected near canta- 
loupe fields in the Imperial and Palo Verde valleys. 
{ portion of each of the samples was used for me- 
chanical inoculation of a differential host range: the 
other portion was exposed to previously starved green 
peach aphids (Myzus persicae). which were trans- 
ferred after a short feeding period to healthy Small 
Sugar pumpkin plants. WMV was recovered from 2 
of the 25 samples by both mechanical and aphid 
transfer. Attempts failed to recover virus from 23 
samples of Melilotus indica, 12 of Malva_ parviflora, 
2 of Chenopodium album, and 1 of Sonchus oleraceous. 

Since WMV is rarely. if ever. transmitted through 
the seed of its cucurbitaceous hosts. recovery of the 
virus from the relatively few samples tested of alfalfa. 
Velilotus, and Malva indicates that these, and possibly 
other, non-cucurbitaceous hosts may be sources of 
inoculum for melon crops in nature. 

Middleton (15) stated that he had secured SMV 
(called “watermelon mosaic virus” in this paper) 
from Cucurbita palmata Wats. and Cucurbita foetidis- 
sima H. B. K. However. since neither of these species 
occurs commonly in the cultivated areas of the Im- 
perial or Palo Verde valleys. it seems unlikely that 
they are important as inoculum sources of the virus. 

PHYSICAL PROPERTIES OF STRAINS OF WMV.—The 
physical properties, inactivation in vitro at 21°C, 
inactivation by heating 10 minutes at 50°. 60°, or 
70°C. and inactivation by dilutions of 10°, 510%, 
or 10 *. were determined for 26 WMV collections 
from California, 2 from Mexico, and for the Anderson 
and Freitag strains of WMV. All 30 of the collections 
had given reactions typical of strains of WMV on the 
differential host range. and had been transmitted in 
greenhouse tests by short feeding periods ot green 
peach aphids (Myzus persicae). Recently infected 
Cucurbita pepo L. (var. Small Sugar) was the source 
plant for each virus, and virus activity after the 
various treatments was determined by inoculations to 
young Small Sugar pumpkin seedlings. 

All 30 virus collections were active at a dilution of 
10°, 14 were active at 5X10°. and 19 were active 
at 10 
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Seventeen of the viruses were active after heating 
at 50°C, but all 30 were inactivated by heating at 
60° or 70°C. 

All 30 controls (0 time) in tests of inactivation in 
vitro at 21°C were active: 14 were active after 10 
days, 4 were active after 20 days, but none were 
active after 30 days. 

Freitag’s WMV strain was active at the 10° dilu- 
tion, but not at the higher dilutions, whereas Ander- 
son's strain was active at all 3 dilutions. Neither 
strain survived any of the heat treatments. Anderson’s 
strain did not survive 10 days of storage in vitro at 
21°C, but Freitag’s strain was active after 20 days 
storage. 

These data show considerable variability in the 
physical properties of the different collections. They 
are not in complete agreement with the physical 
properties of strains of WMV reported by Lindberg. 
Hall, and Walker (12). but fall within the range of 
variability of a group of strains of a virus. 

PHYSICAL PROPERTIES AND INSECT TRANSMISSION OF 
STRAINS OF SMV.—Ten cantaloupe seedlings infected 
with seed-borne virus were obtained from a greenhouse 
soil bench planted with commercial seed samples of 
several varieties of cantaloupe. All 10 virus samples, 
when inoculated to the differential host range. gave 
reactions typical for the cucurbit ring mosaic strain 
of SMV (12). In a single attempt, 3 of the 10 virus 
samples were transmitted to healthy Small Sugar 
pumpkin seedlings by Diabrotica undecimpunctata 
Mann. beetles that had been given a 5-hour acquisition 
feeding period on the virus sources and a_ 1-hour 
transmission feeding period. None of the 10 virus 
samples were transmitted by short feeding periods of 
green peach aphids that had been starved prior to a 
short acquisition feeding period. 

Physical properties of the 10 virus samples were as 
follows: 7 of 10 samples were still active after heat- 
ing 10 minutes at 60°C. but all were inactivated by 
10 minutes at 70° or 80°C: all 10 samples were 
active after aging in vitro at 21°C for 20 days. and 5 
were still active after 40 days of such aging. 

OCCURRENCE OF WMV IN MEXICO.—Deformed fruit 
and poor fruit set of watermelons and squash in 
Mexico have been the occasion for several inquiries 
from watermelon growers and commercial seedsmen. 
The symptom descriptions received have suggested 
WMV as a likely cause of the trouble. A permit was 
obtained from quarantine officials to receive samples 
of tissue to test for virus content. Samples from 
Los Mochis, in Sinaloa. and Guaymas, in Sonora, 
were indexed on the differential host range with the 
following results: of 19 samples of squash from Los 
Mochis, 16 had WMV, 1 had SMV, 1 had CMV, and 1 
indexed negative; 6 samples of squash from Guaymas 
vielded nothing. but WMV was recovered from 1] 
sample of Melilotus indica and from 1 sample of 
watermelon. 

Symptoms on Small Sugar pumpkin produced by 
the WMV isolates from Mexico were very similar to 
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Taste 5.—The o rrence and relative prevalence of several viruses of cultivated cucurbits in central and northerp 
California 
Frequency of recovery of 
‘ a Number Cucumber Squash W atermelon 
of mosale mosal mosaic 
I Date Hosts collections virus virus virus 
West side San Joaquin Valley, near Patterson 8/2/56 Cantaloupe 7 0 7 0 
Sutter County, near Yuba ¢ 10/56 Honey Dew 8 7 l 0 
Yolo ( ounty, near Da - i 15 6 Squash 2 0 2 0 
Cucumber ] l 0 0 
Cantaloupe 1 l 3 0 
San Benito County. near ¢ \ 8/1/57 Cucumber 12 12 0 0 
Yolo County, near Wood 7/25/57 Watermelon } ] 0 3 
Cucumber 5 2 l 0 
Honey Dew 16 16 :* pe 
Tota 57 10 5 6 
* Mixed with cucumber sale viru 
these produced by California isolates of WMV; — strain 14 of CMV (26) or with a strain (isolated 
symptoms on watermelon were sometimes somewhat from pepper collected in) 1957 near Tulare, Cali 
more severe. Otherw there was little difference fornia) that produces systemic infection of bean 
between California and Mexican isolates. All of the garden pea. and cowpea as does strain 14. After 20 
Z | | 
Mexican isolates of WMY were transmitted by green days the test plants were reinoculated with 11 different 
peach aphids in greenhouse tests. and determinations virus collections that produced local lesions on cow. 


showed ( lose 


of 28 ¢ ali 


of the physical properties of 2 of them 


agreement with the physical properties 


fornia isolates 

The occurrence of WMV in 2 widely separated 
valleys in Mexico indicates that the virus may be 
widely distributed in the irrigated desert vallevs of 
the West Coast of Mexico 

SURVEY OF CUCURBIT MOSAIC VIRUSES IN) CENTRAI 
AND NORTHERN CALIFORNIA Limited surveys were 
made in 1956-57 to determine the prevalence and 
identity of cucurbit mosaic viruses in cucurbit crops 
in central and northern California. Samples were 
indexed for virus content on the differential host 
range used in surveying the desert areas. The data 


(Table 5) are too few to give a true indication of 


locations where 


different 


several 
strikingly 


relative prevalence in_ the 


samples were taken. but are = so 


from those obtained in the desert areas there can be 
little doubt that the differences are significant. These 
data indicate that CMV is the most prevalent virus of 
cucurbits in northern California. with SMV~ more 
prevalent in the Patterson area. WMV occurred occa 
sionally in watermelon and Honey Dew near Wood- 


land, but CMV was much more prevalent, especially 
in Honey Dew melo: The only instance in which 
CMV or any virus b WMY was obtained from 
watermelon (Table 2) was from a small planting of 


watermelon in the corner of a large field of Honey 

Dew melons heavily infected with CMY 
CROSS-PROTECTION TESTS..—Several virus collections 

identified as strains of CMV on the differential host 


range were subjected te ross protection tests to ¢ heck 


the accuracy of identification. Vigna sine 


Black ) 


msis (cow pea 


variety were svstemically infected either with 


pea and typical CMV symptoms on other hosts. Inocu- 
lations were made to healthy cowpea plants of the 
same age at the time the challenge inoculations were 
made. Abundant local lesions were produced on both 
the healthy 


none, on plants previously 


primary and trifoliate leaves of plants, 


but usually 
infected with strain 14 or the pepper isolate of CMV. 


very tew, or 
Strain 14 also prevented local-lesion production by 
2 CMV the P6 strain 
of CMV 
by other workers with zinnia as the test host. 
The natural occurrence of CMV and WMV together 


in cantaloupe plants raised the question as to possible 


strains from Wisconsin and by 
that has been used in cross-protection tests 


strain relationships of the 2 viruses. Cross-protection 
inoculations with CM\ 


systemically 


tests were made by challenge 
infected with 


WMV 


t olle tions 


on watermelon 
WMV. 
tested against challenge inoculation with 
of CMV. 
watermelon, 
WMV. indicating no close relationship. 

Strain 14 of CMV failed to prevent local-lesion pro- 


plants 


strains of Three collections of were 
Abundant local lesions were produced on 


whether or not previously infected with 


duction on cowpea by a strain of alfalfa mosaic virus 
collected 
1956, indicating no close relationship although host 
host had 
suggested the possibility. 


isolated from Ladino clover near Davis in 


range, reactions, and physical properties 


Discussion.— The survey data from California, show 


ing WMV more prevalent in some areas and CM\ 
more prevalent in others, are similar to data presented 
by Anderson (1) indicating greater prevalence for 

These 4 virus strains were obtained from Dr. Glenn Ss. 


Pound of the University of Wisconsin 
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WMV in central Florida, and for CMV in the Orange- 
Seminole-Volusia area. He suggested several possible 
explanations for the situation in Florida, but they fail 
to explain the distribution and relative prevalence in 


California. For Florida, WMV-infected 
Velothria spp. were especially common where WMV 


example, in 


was most prevalent, indicating that it is an important 


cource of the virus. In California, however, wild 
ucurbits occur very infrequently in or very close t 
oultivated desert areas where WMV is the predominant 
Anderson (1) 


seemed to spread more rapidly than 


virus on cultivated cucurbits. indicated 
also that WMA 
CMV in squash plantings. and that older squash were 
CMV than to WMV. If so. this 

WMV is more prevalent in the 
Imperial Valley, where squash is grown as a winter 


rop and becomes heavily infected with WMV _ before 


antaloupe and other cucurbits are exposed to infec 


more resistant to 


might explain why 


tion. However. since WMV is also the predominant 
virus of Honey Dew melon and cantaloupe in the 
Palo Verde Valley. where practically no squash is 
grown, there probably is some other reason for the 


WMV in both areas. 
W MV-infected 


the growing season. and evidence that the virus occurs 


redominance of 


The searcity of cucurbits early in 


non-cucurbit hosts in nature, suggest that the 
primary inoculum for WMV may come from non- 
wurbit hosts. Since it is likely that most of the 
primary inoculum of CMV also comes from non 
wurbit hosts. it seems probable that the relative 
prevalence of both viruses may depend largely on 


the composition of the native and cultivated flora in 


which the viruses persist when cucurbits are not being 


vrown. WMV might predominate where the flora is 
more favorable tor its persistence and widespread 


distribution: CMV might be the predominant virus 


where it is favored. The fact that WMV was isolated 
more frequently than CMY from samples of non 
cucurbits collected in the Imperial Valley suggests 


that the flora of the valley favors its perpetuation and 


tends to explain why it is more prevalent there in 


wurbits. It suggests also that many of the hosts of 


inoculation in 


CMV demonstrated by artificial green 
house tests do not serve as perpetuating hosts in 
nature. If they did. CMV should be more prevalent 


than WMV 
Velilotus 


in practically all areas. 


5 
indica, a very common weed In the Im 


perial Valley, seems to be an example of a species 
that is a more suitable natural host for WMV than 
CMV. although it is susceptible to both viruses in 


greenhouse tests. The most prevalent virus affecting 
this host in the Imperial Valley was alfalfa 


hut a few samples vielded WMV. 


mosaic, 
However, none that 


inoculation on a dif 


were collected and analyzed by 

ferential host range were found to be infected with 
CMV. Since none of the virus-infected cucurbit sam 
ples from the Imperial Valley were infected with 
alfalfa mesaic virus. indications are that cucurbits 
are refractory to infection with strains of this virus 
Otherwise it might have been more prevalent than 


MOsAI¢ 


either 
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CMV or WMV 


occurrence of 


in cucurbits. 
The WMV in 2 separated 
valleys in Mexico south of the Imperial Valley of 


Ww idely 


California suggests that the virus may be indigenous 
to the desert areas of California and Mexico. 
Since WM\ 


is rarely, if ever, seed-transmitted, and 


can persist in several non-cucurbit hosts while cucur- 


bits are not being grown, the only control measure 
with much likelihood of success is the development 
Whitaker Bohn (27) re- 


ported that several accessions of Cucumis melo var. 


of resistant varieties. and 


conomon (Thumb.) Makino (Oriental pickling melon) 


were tolerant or resistant to mosaic when exposed to 
natural infection in the Imperial Valley. The progeny 


(kindly 


by Whitaker and Bohn) have shown some tolerance or 


from some of these P.1. accessions furnished 


klendusity to WMV in greenhouse inoculation tests. 
but none were tolerant to CMV Much more work 
needs to be done to find a higher level of tolerance 


to both viruses and to incorporate it into 


cially acceptable types ol Cucumis melo. 


commer- 
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AND MORPHOLOGY OF REPRODUCTIVE 


STRUCTURES OF THE SOYBEAN ROOT AND STEM ROT PHYTOPHTHORA?: 
H. Harvey Klein 


SUMMARY 


factors affecting the 
Phytophthora species 
investigated 
iffected 

was variable and affected by 


Some morphology of the 


inciting root and stem rot of 
soybeans were Type of medium and 


source of wate! formation of sporangia. 


Sporangial papillatior 


rangia germination: type of medium and age of 
culture influenced the size of sporangia. Type of 
medium, especially the percentage of agar. influ- 
enced the frequency of oogonia and diameter of 
Intercalary 


oospores, sporangia and resting spo- 


rangia were observed. 





many factors. Type of medium, source of the 
fungus, and ige ot ¢ lt ire affected type ot spo- 
In 1951. a new root and stem rot of soybean was 


observed in one county in’ Northwestern Ohio: in 
1955. Suhoveckyv (7) 


tophthora was the incitant 


reported that a species of Phy- 
The soybean Phytophthora 
has recently been variously described (1, 2. 5.7) and 
variously identified | 
Hert (1) identified 
(Leb. & Cohr 


Ohio isolate as Phytophthora 


cactorum Schroet and reported the 


antheridia to be paragynous. Growth rate and diame 
ter of oospores were different from those of P. cae 
torum as described in the literature. but were = con- 
sidered minor since the Ohio isolate resembled 
descriptions of P. cact m very closely in many other 


cactorum may be 


Tucker (8 said hs 


production of oogonia with 


aspects. 


identified by its profuse 


paragynous antheridia, the absence of typical chlamy- 
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dospores, the small and often inconspicuously papillate 
sporangia, and by its growth on corn meal agar at 
27.5 C. The only other 


paragynous antheridia is P. syringe, 


species with predominantly 
which does not 
grow at 27.5°C.” 

Kaufmann and Gerdemann (2) reported a root and 
stem rot of soybean incited by Phytophthora sojae n. 
=p. Kauf. in Illinois, and said that isolates of soybean 
Phytophthora from Ohio, North Carolina, and Illinois 
were indistinguishable: the antheridia were reported 
to be paragynous, and the sporangia as ovoid or ellips- 
oid, with broad indistinct papillae. These characters 
were considered constant. They reviewed descriptions 
of all species considered synonymous with r. ceactorum 
as well as other species having paragynous antheridia 
and coneluded that the seybean Phytophthora was 
distinct. 


3) believed that there were not more than 


Leonian 
three good spec ies of Phytophthora, i.e. P. infestans, 
palmivora, although 22 species 
“The genus Phy- 


P. cactorum, and P. 
were listed in his key. He said: 
tophthora does not readily lend itself to a natural 
scheme of classification. Too few morphological dis- 
tinctions and the too ready tendency of such distine- 
tive lines to overlap have necessitated a more or less 
arbitrary method of classification.” 

available for identifving Phy- 
Waterhouse (10) listed 
and figures of Phytoph- 
Waterhouse and 


Several keys are 
tophthora spp. (3, 4, 8, 11). 
diagnoses (or descriptions) 


thora spp. from the original papers. 
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Blackwell (11) said: “There has been no compre- 
hensive account of the species of Phytophthora since 
fucker’s monograph (1931), which remains the 
standard work. . . 

Measurements of the various morphological forms 
of the soybean Phytophthora are discussed by Herr 
(1). Kaufmann and Gerdemann (2), Skotland (5), 
and Suhovecky (7). 

Waterhouse (9) reported on the factors affecting 
the production of sporangia in the genus Phytoph- 
thora. Herr (1) had difficulty in obtaining sporangia 
of the incitant of reot and stem rot of soybean. Kauf- 
mann and Gerdemann (2) reported that “Sporangia 
of the soybean Phytophthora formed only occasionally 
in culture tubes on hemp seed in water, but when 
these cultures were poured into Petri plates, often 
numerous sporangia appeared in about one week.” 

To resolve conflicting reports on the morphology of 
the species involved and to establish valid taxonomic 
criteria for identification, more detailed observations 
were made on the morphology of the fungus, and 
especially on some of the factors affecting the devel- 
opment and morphology of the reproductive structures. 


MATERIALS AND METHODs.—The source of the patho- 
gen used in the experiments, unless otherwise speci- 
fied, was a subculture of Suhovecky’s (7) isolate main- 
tained on PDA (potato-dextrose agar) slants contain- 
ing 5 ml of medium. Small pieces of such cultures 
were used as transfer material to various media. 
Other sources of transfer material were pieces of 
cultures taken from the edges of Lima-bean. corn, or 
soybean agar plates. The media consisted of 50 Ford- 
hook bush Lima-bean seeds or M-15 corn kernels or 
5 grams Lincoln soybean seed in 1 liter of distilled 
water with 20 g agar added. After autoclaving, the 
liquid was carefully decanted into Petri plates. 
Unless otherwise specified, all media were auto- 
claved 20 minutes at 15 Ib. pressure. Immediately 
after being autoclaved, about 20 ml were poured into 
each Petri plate. 
Water was distilled in an “improved ‘precision’ 
water still” and stored in glass carboys. 
EXPERIMENTAL RESULTS. During the research, OOL0- 
nia were observed with paragynous antheridia (Fig. 
l-A). Antheridia occasionally appeared to be amphi- 
gynous, but more detailed examination revealed that 
they were paragynous. Sporangia formed rarely or not 
at all on media containing 1.56% or more of agar 
Proliferation was not conclusively demonstrated. Some 
sporangia appeared to proliferate, but the sporangio- 
phores were found on more detailed examination to 
resume growth outside of and below’ the emptied 
sporangia (Fig. 1-M). Conspicuously papillate (Fig. 


1-B-D) 


sporangia were both observed. The papillae were 


l-E-H) and inconspicuously papillate (Fig. 
generally broad. but narrowly papillate sporangia 
could be found occasionally. The sporangia germi- 
nated by verm tubes and zoospores ( Fig. |-] } and 
abortive sporangia were observed in which the undif- 


lerentiated protoplasm (Fig. 1I-K) was extruded 
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Intercalary sporangia (Fig. 1-J) similar to the sphaero- 
conidia described by Blackwell and Waterhouse (2), 
and resting sporangia (Fig. 1-1) similar to the resting 


conidia described by these authors, were a! 


0 observed. 
The agar and Lima-bean extract content of the 
medium affected oogonial and sporangial development. 
Media were prepared of varying amounts of Fordhook 
bush Lima beans combined with varying amounts of 
agar. High agar was 17 g per liter; low agar was 
1.7 g per liter. High Lima-bean was 62.5 g per liter; 
and low Lima-bean was 6.25 g per liter. Pieces of 
cultures on PDA were used as transfer material. The 
approximate number of oogonia and sporangia that 
developed on: the various media at room temperature 
in 7 days were observed. Oogonia developed in abun- 
dance on media of high concentration of Lima-bean 
extract regardless of agar percentage. Sporangia de- 
veloped in abundance in low Lima-bean extract only 
when the agar content was low or the agar was 
omitted. Media more favorable for oogonial develop- 
ment were less favorable for sporangial development. 
Data are presented in Table 1 on the range and 
mean diameter of oospores on various Lima-bean agar 
media. Range and mean diameters were both affected 
by the type of medium, and mean diameter was influ- 
enced more by agar than by Lima-bean extract. 

Sporangial size was affected by both the medium 
and the age of the culture. Newly purchased Difco 
Lima-bean agar, control number 433340; 5-year-old 
Difco Lima-bean agar, control number 384288: and 
24-year-old Difco Lima-bean agar. control number 
21560, were used at the rate of 2.3 g per liter. In 
Table 2 are data on sporangial size and papillation. 
Media influenced the range and mean size of the 
sporangia, but many factors must influence sporangial 
papillation. The mean size of sporangia decreased 
with the age of the culture. 

Germination of sporangia was also affected by the 
various batches of Difco Lima-bean agars. About 200 
sporangia developed per plate on all of these media 
after 34% days at room temperature. Sporangia de- 
veloped on the newly purchased and the 5-year-old 
Difeo Lima-bean agars consistently germinated with 
the formation of zoospores, but sporangia developed 
on the 24-year-old Difco Lima-bean agar always 
aborted; the protoplasm did not differentiate, but was 
extruded as a granular mass (Fig. 1-K). 


TasLe 1.—The effect of Lima-bean agars of varying compo 
sition on the range and mean diameters of oospores 
of the soybean Phytophthora 


Range Mean 

Type of Lima-bean agar" (u)" (u)” 
High agar, high Lima-bean extract 18.7—46.2 31.7 
High agar, low Lima-bean extract 12.5—42.5 29.3 
Low agar, high Lima-bean extract 15.0—40.0 27.8 
Low agar, low Lima-bean extract 7.5-36.2 25.2 


‘High agar was 17 g per liter; low agar was 1.7 g per 
liter. High Lima-bean extract was 62.5 g per liter; low 
Lima-bean extract was 6.25 g per liter 

"Based on 200 mature oospores 
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of the same medium variously 
the effect of the 


and the type of medium was 


Since various batches 


affected sporangial germination, 


source of the 


pathoge n 


investigated by transferring the pathogen from various 


sources to Petri plates containing various substrates. 


The source of the pathogen was the fungus growing 


on PDA, corn, Lima-bean. and soybean agar plates 
and diseased tissues. The substrates consisted of tap 
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water, distilled water, 2.3 g per liter of Difco Lima. 
bean agar prepared with tap water, and the latter 


prepared with distilled water. The cultures were 
maintained for 315 days at room temperature. The 
source of the pathogen used for transfer materia} 
affected both the development of sporangia and the 
type of germination. The immediate medium used 
also affected sporangial development and_ type of 
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Fig. 1. Various structures of the soybean Phytophthora. A) oogonium with paragynous antheridium (560%); B-D) 
inconspicuously papillate sporangia (560%); E-H) conspicuously papillate sporangia (560%); I) chain of resting 
sporangia and zoospores - ': J) intercalary sporangia (125); K) abortive sporangium (560%); L) = sporan- 
gium that germinate spores (560%); M) sporangia (center) appearing to proliferate but actually same as spo 
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PaBLe 2. The effect of different-aged cultures of the soy 
bean Phytophthora and different batches of Difco 
Lima-bean agar (DLB) on the range and mean 
sporangial size and the type of sporangial papillation 


Per cent 
sporangia 
with papillae 


Age of Incon Con- 
culture* Mean = spicu- spicu 
Media (days) Range (u)' (uw) ous ous 
New DLB $0 5544-11655 8851 100 0 
New DLB 15 66«33-110«66 8055 80 20 
New DLB 9.5 66 38- 8860 7755 80 20 
-vr.-old DLB 1.0 6038-11659 88x51 80 20 
5-vr.old DLB 55 55«33- 77«44 6638 = 100 0 
5-vr.-old DLB 18.0 22« 16-— 66« 44 5338 22 78 
s.vr.old DLB* 69.0 16x11l-— 44x33 32x«23 78 22 
24 vr.-old DLB £0 38 33-110 «59 65«33 100 0 
24 vr.old DLB 5.5 38x33- 77«33 55x33 100 0 
Distilled water 4.0 22 16— 55x38 29x29 = 100 0 
*Cultures were maintained at room temperature. 
* Based on a total of 50 sporangia from 4 plates 
Separate tests from the others. 
germination. Except when diseased tissues were used, 
no sporangia developed in tap water or Difco Lima- 
bean agar prepared with tap water. Again, except 
when diseased tissues were used, the sporangia in 


distilled water usually aborted whereas the sporangia 
in Difco Lima-bean agar prepared with distilled water 
the the 


case of diseased tissues. sporangia developed on all 


germinated with formation of zoospores. In 


media, and both abortive sporangia and zoospore type 
When PDA 


the source of the fungus, conspicuously less sporangia 


germination were common. was used as 


developed on the Lima-bean agar prepared with dis- 
The 
corn, Lima-bean., and soybean agar sources had identi- 
cal effects on all of the media 


tilled water than when other sources were used. 


Discusston.—The shapes. sizes, and papillation of 
sporangia of the species of Phytophthora inciting root 
and stem rot of soybean were quite variable, and the 
ranges overlapped those of many of the Phytophthora 
“pp. The 


oospore size also overlapped those of these species. 


with paragynous antheridia. ranges of 


If the sovbean Phytophthora should be cultured under 


various conditions, it might appear that several dis- 
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the 
variation in a strain of P. cactorum by using single- 


tinct species were present. Stamps (6) studied 


zoospore isolates. One zoospore gave rise to a range 


of colony types differing in growth rate and mor- 


phology of hyphae: oogonial diameter, sporangial 


length, and shape and frequency were also variable. 
The investigation was important since there was no 
doubt the the various 


concerning relationship of 


forms. If the various colonies had not been known to 
arise from a single zoospore, it might have been 
concluded that there were several distinct species 


present. 

It appears from these studies that the Phytophthora 
spp. with paragynous antheridia should all be studied 
in more detail to obtain better taxonomic criteria for 
species identification. 
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ETIOLOGY OF THE 


PHYTOPHTHORA DISEASE OF 


SOYBEANS! 


H. Harvey Klein 


st MMARY 


The incitant of root and stem rot of soybean 
was identified as a Phytophthora species by placing 
diseased tissues on medium consisting of 2.3 g/l 
Difco Lima-bean agar. When the pathogen was 
present, sporangia developed and zoospores were 
produced within 48 hours. Recovery of the patho- 
gen from field soil, as determined by plant assay, 
was low after the soil was exposed to dry condi- 
tions, but was conspicuously higher after prolonged 
Viable Phytophthora was found in 
soil mixed in seed samples by harvesting proced- 
in important means of spread 
of the pathogen within and between fields. Spo- 


wet conditions 
ures. Soil can be 


rangia and zoospores may be important forms in 


flooded diseased soybean plants in soil: some 
Harosoy soybean plants in steamed soil infested by 
this flood water became diseased, demonstrating 
the presence of the pathogen in the water. The 
pathogen was isolated from immature seeds taken 
from pods within an advancing margin of rot of 
stems or from stem lesions, but was isolated from 
mature seeds only after a two-month cold-wet treat- 
ment. The presence of other root pathogens influ- 
enced the severity of Phytophthora root and stem 
rot in steamed soil; total kill was significantly 
reduced with certain combinations of Rhizoctonia 
solani and Phytophthora or Fusarium roseum and 
Phytophthora. The etiological aspects studied and 
correlated to field conditions might be applied in 
future control programs. 





which the pathogen is disseminated within fields. 
Abundant sporangia ind zoospores developed on 
INTRODUCTION In 1951. a new root and stem rot 


of soybean was observed in one county in North- 
western Ohio: in 1955. Suhovecky (9) reported that 
a species of Phytophthora was the incitant. Phytoph- 
thora on soybean has also been reported in Illinois 
and North Carolina (4. 8 By 1957, this root rot of 
soybean had been reported in all of the major soybean- 
producing areas of Ohio. Schmitthenner (6) estimated 
annual losses in Ohio from Phytophthora root and 
stem rot of soybean to be about $1,500,000. Several 
soybean varieties are susceptible to this Phytophthora; 
some are resistant. but no present varieties are known 
to be immune (7). The etiological aspects of the root 
and stem rot of sovbear is correlated to field condi- 
tions should have application to an understanding of 
the pathogen life histor in the field as well as to 
control measure 

The morphology of the soybean Phytophthora has 
been described by Suhovecky (9). Herr (2). Kauf- 


Klein (5), and Skotland 


(8). Symptoms of the soybean root and stem rot 


mann and Gerdemant | 
ine ited by a species ot Phytophthora have been dis- 
Kaufmann and Gerde- 
mann (4). Skotland (8). and Suhovecky (9). 

Herr (2) and Skotland (8) 


oospores In sovbean plant tissue Hert (2 


cussed in detail by Herr (2). 


reported observing 


suggested 
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overwinter as oospores in 
Suhovecky (9) reported 


that the pathogen may 
diseased soybean tissues. 
that. in combination with Fusarium in steamed soil, 
the soybean Phytophthora resulted in significantly less 
disease than did Phytophthora alone. He further re. 
ported that less disease resulted in untreated field 
soil infested with Phytophthora than in steamed soil 
thus infested. 

MATERIALS AND METHODs.—A rapid and easy tech- 
nique was developed for isolating and recognizing the 
Phytophthora species that incites root and stem rot of 
soybeans. Diseased soybean tissues were placed in a 
sieve fitted on a 600-ml beaker, one drop of Tween-20 
was added, and tap water was run over the tissues for 
20 minutes to 2 hours. Tween-20. a wetting agent, 
was used to loosen surface materials on the diseased 
tissue. The washed diseased tissues were placed on 
2.3 ¢ per liter of Difeo Lima-bean agar in Petri plates 
kept at room temperature. Abundant sporangia de- 
veloped and zoospores were consistently produced 
within 24 48 hours, even in the presence of contami 
nation by other fungi or bacteria. In this study. plants 
Phytophthora it the 


fungus could be associated with diseased tissues by 


were considered diseased by 


this technique. 
Resutts.—Survival of the pathogen in soil.—The 

moisture history of soil affected the active Phytoph- 

recovery of the 


technique. Field 


thora inoculum as determined by 
pathogen based on a_ plant-assay 
soil, collected at various intervals. was placed in 
9) 


glazed porcelain crocks in the greenhouse, and 25 


Harosoy soybean seeds were planted in each crock. 
In Table | 


are time of collection, condition of the soil at collee- 


Data were taken 3 weeks after planting. 


tion, and percentage of Phytophthora-diseased plants. 
This percentage was very low in soil exposed to dry 
conditions before planting, and conspicuously higher 
in soil exposed to prolonged wet conditions before 


planting. 
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[TABLE 1.—Pere entage of Phytophthora diseased Haresoy 
soybeans planted in field soil collected at various 
intervals during the year 


Condition of Per cent 
soil when plants 


Date collected collected diseased 


May 1957 wet 90 
August 1957 dry 5 
November 1957 wet 38 
January 1958 frozen (wet) 72 
April 1958 wet 85 


The effect of various temperature and moisture 
treatments on recovery of the pathogen from the soil 
as determined by a plant-assay technique, was inves- 
tigated. Uninfested field soil. collected dry and stored 
dry for 8 months, and steamed soil and field soil, 
infested with diseased tissues containing oospores of 
the pathogen, were all placed in glass jars and air- 
dried for l month. Portions ot each dry soil series 
were set aside as soil controls, and other portions were 
saturated with water and treated. One portion of each 
soil was treated for 3 months by alternately freezing 
2 weeks and thawing 1 week; another portion was 
kept 3 months in the 25°C constant-temperature room; 
a third portion was, for 3 months, alternately frozen 2 
weeks and thawed 1] week. and then kept 3 months in 
the 25°C constant-temperature room; and the fourth 
portion was kept 6 months in the 25°C constant-tem- 
perature room. After treatment, the jars were placed 
in the greenhouse and 5 Harosoy soybean seeds were 
planted in each jar of soil. Three weeks after plant- 
ing, the number of Phytophthora-diseased plants was 
recorded. In Table 2 are the percentages of Phytoph- 
thora-diseased plants in the various soils. The per- 
centage of diseased plants increased with the length 
of the wet period of the soil before planting. 

Development of sporangia on diseased plants.—To 
determine if sporangia and zoospores could be im- 
portant forms in which the pathogen might be spread 
within fields, observations were made on sporangial 
development on diseased Harosoy soybean seedlings 
growing in steamed soil infested with the pathogen 
and in soil collected from fields containing Phytoph- 
thora-diseased plants. In all cases sporangia were 
found on the hypocotyl of dying seedlings that had 
just emerged. 

In another experiment, one-month-old diseased 
Harosoy soybean plants growing in steamed soil in- 
fested with the pathogen and in field soil were flooded 
with tap water for 48 hours and 120 hours. Abundant 
sporangia developed on the hypocotyls within 48 hours, 
and after 120 hours were still developing in both types 
of soil; zoospores were abundant. Some of the flood 
water from the field soil was carefully decanted and 
used to wet steamed soil: steamed soil wetted with 
tap water was the control. Harosoy soybean seeds 
were planted in both soils immediately after the 
wetting. At 3 weeks, no plants were diseased in the 
steamed soil wetted with tap water. but 5 plants in 


various areas of the soil wetted with the flood water 
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were dying, and 35° of the plants were diseased. 
Since the flood water was carefully decanted, the 
probable forms of inoculum were external mycelium, 
sporangia, and zoospores. 

Spread of the pathogen on pods and in soil.—-The 
possibility was investigated that the pathogen was 
seed-borne. Pods were collected from soybean plants 
with various stem symptoms incited by the root and 
stem rot Phytophthora. The usual Phytophthora dis- 
ease symptom on soybean in Ohio is the root-rot 
phase, with an advancing margin of stem rot extend- 
ing from the roots; the rot encircles the stem. A 
stem-lesion phase, common in fields throughout Ohio 
in 1957, was observed by Schmitthenner (personal 
communication). The lesion is a reddish lesion that 
appears to originate in the roots. The lesions are 
sharply delimited and characteristically depressed, 
and in general do not encircle the stem. The species 
of Phytophthora that incites root and stem rot of 
soybean was isolated from some of these lesions; 
this lesion symptom was later observed in the green- 
house when soybean seeds were planted in infested 
steamed soil. Fig. 1 is a photograph of soybean plants 
showing stem symptoms incited by the soybean Phy- 
tophthora. 

Pods containing immature and mature seeds were 
collected from within Phytophthora-diseased stem 
areas of soybeans. Seeds were carefully removed from 
the pods, placed on 2.3 g per liter Difco Lima-bean 
agar, and the pathogen grew out of some immature 
seeds taken from pods within the advancing margin 
of rot or from lesions. Phytophthora did not grow 
out of mature seeds in any case, but oospores were 
observed on the seed coats of some seeds. The patho- 
gen grew from seeds of Harosoy soybean showing the 
advancing margin of rot, and from seeds of CX187 
variety, H38341 variety, CX171 variety, and Lincoln 
soybean, all having the lesion symptom. 

Thirty-six immature seeds were inoculated with the 
pathogen in the greenhouse by carefully opening pods 
still attached to the plants and placing the inoculum 
on the seed farthest from the peduncle, on the side of 
the seed away from the other seeds. The pods were 
then closed and wrapped with Scotch tape. Two days 
after inoculation of the seeds, one pod was removed 
from varieties U1-5, H20771, Clark, and C1117. and 


Taste 2. Vean percentage of Phytophthora-diseased Haro- 
soy soybeans planted in soil incubated at various 
moisture levels for various periods after air-drying 
for 1 month 


Per cent of diseased plants in soil * 


Steamed, Field, 
unin- unin- Steamed, Field, 
Treatment fested fested infested infested 
None 0 5 5 5 
} months cold-wet 0 22 12 26 
} months warm-wet 0 1] 22 22 
6 months warm-wet 0 84 88 84 
3} months cold-wet; 
} months warm-wet 0 100 100 74 


* Based on 12 replicates. 
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the seeds were placed on 2.3 g/l Difco Lima-bean sample. placed in glass jars, saturated with water 
agar. The inoculum was removed from the inoculated and Harosoy soybean seeds were planted in one por. 


seeds. and these seeds were thoroughly washed to tion immediately and in two other portions after the 


remove surface mycelium. The seeds were still imma- soil had been left 2 months in the 4.5°C constant. 
ture, and the pathogen grew from all inoculated seeds temperature room. Diseased plants were observed 2 
as well as from the seeds next to them. The Phytoph- weeks after planting, but only in soil that had been 
, thora did not grow from 27 inoculated seeds that were saturated and left 2 months in the 25°C constant. 
mature 7 and 14 davs after inoculation, although temperature room. From these data it is inferred 


oospores were observed on seed coats of all inoculated that soil mixed with seed could be important in 
seeds. The remaining pods were placed in a Manila spreading the pathogen between fields. 

envelope and left buried 1 ft. deep in outside soil Interactions of the soybean Phytophthora with other 
from December 


957. to February, 1958. The pods root pathogens.—To study the effect of the presence 
were then dug up. seeds were placed on 2.3 g/l Difeo of other root pathogens on the severity of Phytoph. 
Lima-bean agar or distilled water, and the pathogen  thora root and stem rot of soybeans, 17-day-old PDA 


grew from 2 of the inoculated seeds. Oospores were (potato-dextrose agar) slant cultures of the soybean 

. observed on seed coats of all inoculated seeds, but no Phytophthora, Rhizoctonia solani Kuhn. from alfalfa, 
A oospores were observed to have germinated. The and Fusarium roseum Snvyd. & Hans. from corn were 
pathogen grew from the embryo but not from the chopped into small pieces and mixed individually and 

seed coat. According to these data, seeds could be in various combinations in steamed soil. Each treat- 

important in spreading the pathogen between fields; ment consisted of 4 replicates of 5 plants each. In 

: as the seed matures the pathogen may become dor- about 3 weeks, 80°, of the control plants (in the soil 
mant but still viable with a high level of Phytophthora alone) were killed, 

The importance of soil in spread of the pathogen and the data were taken. The mean number of dead 

was investigated, since many particles of soil similar plants for each treatment is recorded in Table 3. A 

in size to soybean seeds were found in seed samples. high level of a fungus consisted of one PDA culture 

\ soil sample was separated from a soybean seed mixed with steamed soil from four 2-in. clay pots; a 
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Fig. 1. Soybean plants with stem symptoms in ited by the soybean Phytophthora. The plant on the left has an ad- 


vanecing margin of rot extending from the roots and encircling the stem. The plant on the right has lesions extending 
from the roots but not encircling the stem. The plant in the center has a more extreme lesion symptom. 











‘ol. 49 


Water, 
ne por. 
ter the 
stant. 
rved 2 
d been 
nstant. 
nferred 
ant in 


i other 
esence 
iytoph. 
i PDA 
rv bean 
ilfalfa, 
1 were 
ly and 
treat. 
th. In 
1€ soil 
killed, 
| dead 
a. - 
ulture 
ts: a 


| ad- 
ding 





June, 1959 KLEIN: ETIOLOGY OF THE PHYTOPHTHORA DISEASE OF SOYBEANS 383 


Taste 3.._Wean number of dead Harosoy soybean plants 
in steamed soil infested with fungi in various com 
binations (inoculum 17 days old) 


Phytophthora 


Other fungi High" Low" None 
High Rhizoctonia 3.00 2% 1.00 
Low Rhizoctonia 2.75 2.50 1.50 
High Fusarium 2.75 2.00 1.00 
Low Fusarium 2.25 3.00 0.25 
Control 4.25 3.50 0.00 


LSD” at 5% level 0.80 
LSD” at 1% level 1.09 


*High or low refers to the inoculum level. 


*LSD based on statistical interaction: levels of Phyto 
phthora X other fungi. 


low level of a fungus consisted of one PDA culture 
mixed with steamed soil from eight 2-in. clay pots. 
There was significantly less kill with certain combi- 
nations of Phytophthora and Fusarium, or Phytoph- 
thora and Rhizoctonia. Only 10° of the dead plants 
were killed before emergence. 

Observations were also made on the surviving plants. 
Except for the series of Fusarium alone and the com- 
bination of a low level of Phytophthora and a high 
level of Fusarium, the plants were distinctly stunted 
as compared with plants in steamed-soil checks. De- 
laved emergence was very evident in all soil infested 
with Rhizoctonia alone or in combination: when the 
plants in the Rhizoctonia series did emerge. many 
seedlings were abnormal, and some stem tips or the 
embryo root tips appeared to have been destroved. 
although lateral buds or adventitious roots developed. 
Rhizoctonia lesions were observed on the hypocotyl 
in nearly all of the Rhizoctonia series. In all series in 
which the soil had been infested with Phytophthora 
alone or in combination, Phytophthora was found in 
all diseased plants. 

In preliminary experiments with Pythium ultimum 
Trow isolated from alsike clover, the mean total kill 
was not statistically significant when compared with 
the Phytophthora control. 

Discussion.—The_ incidence of Phytophthora dis- 
ease on soybean assay plants was low in soil that had 
heen air-dried for an extended period before planting. 
and was conspicuously higher after prolonged wet 
periods before planting. Since Blackwell (1) reported 


that mycelium. conidia. resting conidia, chlamvd 


spores, and oospores of Phytophthora cactorum, if not 
completely desiccated. could) remain dormant for 
months. the decrease in recovery of the pathogen 
during dry periods could be attributed to the forma- 
tion of resting forms that were inactive, though 
viable. During prolonged wet periods, dormant forms 
may become active again. No field evidence was 
available to substantiate any of these hypotheses. 
More detailed studies of this type would be very use- 
ful in determining inoculum potential and forms of 


survival of the pathogen in the field. 


Sporangia and zoospores could be very important 
in the spread of the pathogen within fields. Results 
of this type of study might be applied in future con- 
trol procedures concerning drainage since, during pro- 
longed wet conditions, certain areas of soybean fields 
are commonly flooded for several days. Also, the data 
are in agreement with those of Hickman (3), who 
found that, in wet soil, zoosporangia of P. fragariae 
developed naturally on the surface of recently diseased 
strawberry roots. He thought that zoospores could be 
important in the spread of the pathogen, especially 
in surface drainage water. 

The fact that the pathogen was found to be seed- 
borne could be important in the spread of the patho- 
gen between fields, and therefore in control of the 
disease. More data are needed concerning this aspect 
and will be important in possible seed-registration and 
seed-treatment programs. Field soil, inadvertently in- 
cluded in seed samples as a result of harvesting pro- 
cedures, contained viable soybean Phytophthora. Thus 
the fact that the pathogen could be spread between 
fields in soil mixed with seeds might be applied in 
future seed registration and certification material. 

There was significantly less kill of Harosoy soybean 
when certain combinations of the soybean Phytoph- 
thora and Fusarium or Rhizoctonia were used. 
Whether the interactions of the fungi were antagonis- 
tic or whether the metabolism of the host was altered 
in some manner is still unknown. The results of this 
type of study could be applied in future rotation and 
in fungicide programs since both of these programs 
could affect the microflora balance. 

DEPARTMENT OF BOTANY AND PLANT PATHOLOGY 
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GENETICS OF COCHLIOBOLUS 


HETEROSTROPHLS. 





IV. A MUTANT GENE 


THAT PREVENTS PERITHECIAL FORMATION! 


R. RK. 


Nelson - 


st MMARY 


isolates obtained from 
a cross of 2 Cochlio- 
bolus heterostroph is in- 
hibition to the compatible @ parental strain and to 


Certain A monoascosport 


conidial strains of 


exhibit complete mating 


wild ty pe 


about half of the a strains isolated from nature. 
Studies on the segregation otf as ospore isolates 
from crosses of normal and inhibitor strains indi- 


cate that mating-type inhibition is controlled by a 


blocks the formation of protoperithecia. Adding a 
number of different kinds and quantities of growth 
factors to supporting media failed to induce peri- 
thecial formation. The widespread occurrence of 
the mutant gene in wild-type a strains, and its ab- 
sence in wild-type A strains. indicate that its ori- 
gin was early in the evolution of the species. The 
discovery of the mutant “i” gene offers further evi- 
dence of the complexity of the sexual mechanism 
in C. heterostrophus. 





single recessive gene. “i,” inherited independently 
of the locus for con patibility Che inhibitor gene 
In recent years. a number of investigations on the 
genetics of sexual reproduction in fungi have con- 


tributed important evidence as to the complex nature 


of the sexual mechanis! Such information has not 
minimized the importance of the compatibility locus, 
but has pointed out that this locus is only a single 
link in the reproductive cycle 

The demonstration of genet factors reported to 
block the completion of the sexual process at various 
stages has contributed important information concern- 
ing the origin of heterothallism in the fungi. It has 
been demonstrated that genetic blocks may occur at 


1) formation of the protoperithes ium 
ind }) 


> 
| revious 


2) plasmogamy. 
3) karvogamy. 
Q 10) 


reproduction in Cochliobolus heterostrophus Drechsl. 


reduction division (1. 2. 7. 8. 


studies on the genetics of sexual 


have demonstrated the presence of genetic factors that 


blo k 


(o) 


ascus formation (6 and ascospore production 


wild-type conidial strains of 


Rec ent crosses ot 
\ elded monoas oOspork isolates 


both 


C. heterostrophus have 


that exhibit complete mating inhibition to pa- 
rental isolates and to certain wild-type isolates of the 
opposite compatibility group The results of studies 
with these isolates are reported herein 

MATERIALS AND Metuops.—The techniques em- 


ployed were similar to those previously described (3). 

Compatible isolates of ¢ heterostrophus were mated 

by placing small pieces of mycelium on opposite sides 

leaf 

plate containing Sachs nutrient 
incubated at 24°¢ 


isolates 


of a section of sterile corn about ly xX We in., 


i Petri 


All matings were 


in the center of 
agar. 


Kighteen monoascospor were obtained 


from a cross of an A strain. designated Tl. isolated 
from diseased corn leaves collected in western North 
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and an a conidial strain, designated 54H, 
South Both 
“weak” representatives of their compati- 


Carolina, 


from Colombia, (merica. isolates were 
considered 
bility groups, as measured by relative degree of inter- 
(4). Whenever paired, Tl and 


perithecia, with relatively 


group compatibility 
54H 


ascus and ascospore production. 


developed few poor 
The compatibility 
reaction of the 18 ascosporic isolates was determined 
by mating each isolate to both parental strains, Tl 
and 54H, and to A and a tester strains. Three of the 


1 isolates obtained failed to mate with the a parental 


strain (54H), although all 7 of the 4 isolates were 
fertile with the a tester. Each of the 11 @ isolates 
mated with the A parental strain and the A tester. 


All subsequent pairings of the 3 A isolates and 54H 
(a) also were unfertile. The original parents. Tl and 
54H, were mated again. and 12 ascospores were iso- 
lated. Four of the 6 A failed to with 
54H (a), but were fertile with the a tester, designated 
W3. 
{ parental isolate (Tl) and the 
this 
studies of the ascospore progenies obtained from the 
Since the 3 4 
larly in all studies, the results presented are concerned 


isolates mate 
The 6 a isolates were again fertile with both the 
{ tester. 
concerned 


The results 


summarized in paper are only with 


initial mating. isolates behaved simi- 
with only 1 of the isolates, hereafter designated isolate 
L. 
Resutts.—lIsolate 4 was paired with 27 a conidial 
strains representing a wide geographic and genetic 
hase. Repeated testing showed that isolate 4 was com- 
patible with 12 of the 
was never compatible with the remaining 15 strains. 
There the 
geographic source of the strains and their reaction 
isolate 4. 
compatibility of the 27 strains was considered. it was 
found that 13 of the 15 strains that failed to mate with 
isolate 4 “weak” strains. as 
measured by the relative frequency with which isolates 


strains whenever paired. and 


was no apparent relationship between 


with However. when the relative degree of 


were considered to be 
failed to cross with known compatible isolates (4). 
The reaction of 84 ascospore progenies isolated from 
a cross of isolate 4 and a compatible a conidial strain, 
W3. 


sporle 


pairing each of the monoasco- 


t and W3, 


studied by 
isolates with both parental strains. 


was 
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TABLE l. Produc tion of mature pe rithecia ot Cor hliobolus 
heterostrophus in matings of 6 monoascosporic iso 
lates and 4 monoconidial isolates 


Mating reaction* in crosses of 
indicated isolates 


Compatibility 4 a 
group Isolate T] | W3 54H 
f l F I 
2 F I 
3 F I 
} k k 
5 I F 
6 } F 
a 7 F F 
8 F F 
9 F I 
10 F I 


denotes perithecia not produced in pairings of iso- 
lates of same compatibility group: F mature 
perithes 1a produc ed in pairings of isolates of opposite com- 
patibility I denotes perithecia not produced in 
pairings of isolates of opposite compatibility groups. 


denotes 


gxroups,; 


and to the original strains, Tl and 54H. Of the total. 
44 belonged to compatibility group A, and 40 to a. 
Twenty-five of the 44 A isolates were fertile with W3 
and 54H, whereas 19 were fertile only with W3. All 40 
of the @ isolates were fertile with Tl. but only 2] 
were fertile with isolate 4. These results suggested 
that the mechanism preventing the formation of peri- 
thecia between compatible strains was controlled by 
a single gene, independent of the locus for compati- 
bility. To test this possibility further. 6 A and 4 a of 
the 84 ascospore isolates obtained from the cross of 4 

W3 were mated with the following isolates: the 6 A 
strains to W3 and 54H (if not inhibited); the 4 a 
inhibited) (Table 1). 
Ascospores isolated from these were then 
mated back to Tl. 4. W3. and 54H. As part of the 


postulation, isolates that had demonstrated inhibition 


strains to Tl and 4 (if not 


crosses 


in previous crosses were considered to have a recessive 
gene, designated i. for inhibition. Conversely. isolates 
that had shown no inhibition in compatible crosses 


were considered to carry a dominant factor. |. The re- 


sults are summarized in Table 2. 

These studies demonstrated that the failure of com- 
patible strains to produce perithecia when paired is 
governed by a single gene locus inherited independ- 
ently of the locus for compatibility. 

Attempts to produce perithecia in pairings of in- 
hibitor strains by the use of a number of media vary- 
ing in nutrients and in pH were not successful. Twenty 
amino acids and 25 vitamins were tested singly and 
in combinations at 2 levels. Seven carbon sources and 
} nitrogen sources were also tested at 2 concentrations. 

Discussion.—The fact that monoconidial and mono- 
ascospork isolates of C. heterostrophus normally do 
not produce protoperithecia when selfed indicates that 
a stimulus is required to initiate perithecial formation 
in paired cultures. The failure of paired strains of 
opposite compatibility to produce protoperithecia rep- 
resents a basic block in the reproductive cycle. 
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ss509 
I 


lt is of considerable importance to note that the 
factor for inhibition is not present in any of the more 
than 40 
firmed in that all of the a@ strains carrying the “i” 
{ strains to produce fertile peri- 
factor from 


{ strains obtained from nature. This is con- 


factor mate with all 
thecia. The inability to recover the “i” 
{ strains suggests that the sexual stage of the fungus 
is not common in nature, although representative 
strains of both compatibility groups have been recov- 
ered several times from the same field of corn, and 
once from the same lesion. 

The mechanism by which the inhibitor gene blocks 
perithecial formation is not fully understood. The 
negative results obtained with the addition of numer- 
ous vitamins, amino acids, and carbon and nitrogen 
sources suggest that a deficiency for a required growth 
factor is probably not involved. 

In previous studies with C. heterostrophus, mono- 
ascosporic isolates were obtained that produced nor- 
mal-appearing perithecia when selfed, although the 
perithecia contained no asci (6). The fact that sterile 
perithecia are produced in selfed cultures of these 
variants and in paired cultures of “sterile peritheciate” 
strains and normal strains, coupled with the nearly 
complete absence of ascogenous hyphae in the sterile 
perithecia, indicates that a separate genetic mechanism 
governs the initiation of perithecia. Therefore, it is 
postulated that the “i” gene functions in such a way 
as to inhibit that process, 

The fact that the “i” factor is present in about half 
of the wild-type a strains obtained from diverse geo- 
graphic areas, but absent in wild-type A strains, indi- 
cates that the establishment of the “i” locus occurred 


early in the evolution of the species. The presence of 


)-Segregation for compatibility and mating type 


TaBLe 2 
inhibition in Cochliobolus hetero- 


strophus obtained from pairing inhibited and nor 


progentes ot 


mal isolates 


Cenoty pe 


ot 
Genotype isolate No. of Genotype of 
of paired spores ascospores isolated 
Isolates isolates with isolated Al Aj al ai 
l Ai al 50 16 13 10 1] 
2 Ai al 37 7 10 12 8 
3 Ai al 33 9 7 8 9 
} Al al 26 14 0 12 0 
al 14 5 3 2 4 
5 Al al 32 15 0 17 0 
al 13 2 3 5 3 
6 A] al 28 15 0 13 0 
al 29 > 9 7) 6 
7 al Al 33 18 0 15 0 
al 27 7 8 7 5 
8 al Al 42 20 0 22 0 
Ai 38 7 10 12 9 
9 ai Al 29 6 7 7 9 
10 al Al 25 8 5 5 7 
Totals: 

Al & al 82 0 79 0 
Al << ai 24 27 28 29 
Ai x al 16 18 19 +] 
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the “i locus also indicates a basic genetic difference 


among strains of the ompatibility group 


\ more thorough understanding of the number and 


function of genes that block the completion of sexual 
reproduction should provide an important insight into 
the evolution of heterothallic species 
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RACES OF PUCCINIA GRAMINIS VAR. 
BY VEGETATIVE 


FUSION! 


Bridgmon- 


st MMARY 


wheat plants in the late boot stage of growth. The 
mixtures produced at least 16 races that differed 
from the parents in color and pathogenicity. 





Urediospores of Puccinia graminis val tritici 
races that were distinet it spore color and path- 
ogenicitvy were mixed nanually ind injected into 
Recent studies (1. 2, 3. 5. 6) have shown that new 


races of rust arise by genetic exchange through fusions 


of hyphae or get Phe studies 


present are a 
verification and extension of work with Puccinia 
graminis Pers. var. trit Eriks. & E. Henn Shear. 
Ball. Jacks. & Stakmar Pertinent literature has been 
reviewed by Nelson et al }) and Watson (6) 


MATERIALS AND METHODS.—Single-spore isolates of 
races 9 and I] yrange urediospores) and race 121 
(gray-brown urediospores) of P. graminis var. tritict 
were used in mixtures The infection types of the 
races were first determined several times on the stand- 
ard differential wheats | plus Lee. Bowie. and Kenya 
Farmer. Selkirk. K-360-H. S-131. MecMurachy. and 
Golden Ball were used as supplementary differential 
wheat varieties when more extensive analysis of 
racial purity was desired 

About equal quantities of urediospores of each race 
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were mixed, suspended in distilled water, and im- 
mediately injected (using a Vineland Poultry hypoder- 
mie syringe with a 10-ml plastic reservoir) into the 
the heads 
Enough inoculum was injected to 
fill the boot (0.1-0.6 ml of liquid). About 300 adult 
wheat plants were inoculated 4 Plants of the 


varieties Khapli or used 


boots of wheat plants a few days before 


were due to emerge. 


times. 


Lee were usually because 
these wheats were resistant to most races being studied 
in the greenhouses and it was believed that contamina- 
The small size 


of the rust pustules on these wheats also made isola- 


tion could thus be kept at a minimum. 
tion of the red uredia easier. Pure cultures of each 
as distilled 
injected into plants as controls. 


parental race, as well water alone. were 
Inoculated plants were held in the greenhouse with- 
About 20 days 
inoculation the plants were examined for red 
uredia, which were transferred to Little Club seedlings 
by removing the urediospores with a small, flat needle 
and incubated in a chamber. The study 


carried out in late winter and early spring to reduce 


out being placed in moist chambers. 
after 


moist was 


the possibility of contamination from outside sources. 
The infection types of each new isolate derived from 


+ to 


one or more mixtures were tested from 12 times 


before tests were discontinued. 


EXPERIMENTAL At least 15 different races 


or subraces with red urediospores were isolated. most 


RESULTs. 


of them several times. from 4 separate mixtures of 
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Taste 1.—Reacuons of differential varieties of wheat to stem rust races 11 (orange) and 121 (gray-brown) and 
to new variants obtain ed from mixing these races 
Mean infection types* produced ee 

Wheat Parent races New red races and subraces 
varieties Orange Gray-brown 

race 1] race 121 NRI NR2 lla 32a 59e 
Little Club } } } 4 } } 4 
Marquis t 3 X 1 + 2 
Kota 1 0 3+ 21.3... 34 34 2 
Reliance } 0 34 3 34 34 0 
Lee l l 0 0;1' l l l 
Arnautka 3 0;1 0:1 0:1 3 X 0:1 
Mindum 3 0:1 0; 0:1 } X 0:1 
Spelmar 3 0:1 0 0:1 } 7 0;1 
Kubanka 4 3 ] 0;1 3+ X-4 xX 
Einkorn 34 3 0: 0:1 } 3 3 
Vernal 0;1 3 0;1 0:1 0: 0: 0; 
Acme 3+ 3 0;1 0;1 } X } 
Khapli 0;1 0:1 1+ 0:1 0: 0: l 
Bowie 0:1 0:1 2 X } } 
Kenva Farmer 
(K338) 0 0 0: 0: 0: 0: 0: 

0 immune, 0; flecks, | very resistant, 2 moderately resistant, 3 moderately susceptible, 4 very sus- 
ceptible, X heterogeneous (4). + and — indicate variation within infection types. c and n mean chlorosis and necro- 
sis, Trespet tively. Stability of infection types tested 4 12 times each. 

Type 0; to type 1 oce urred consistently on each plant of the variety. 

\ tendency to X-type reaction sometimes noted. 

Fle ks and l type reaction occasionally noted, 
races 1] and 121. with orange and gray-brown uredio- — tion type 2 on Kota. The new races NR 1 and NR 2 


spores. respectively. Five of these isolates represented resembled each other except for relatively minor dif- 


previously undescribed races or subraces (Table 1). ferences on Marquis and Bowie. Isolates designated 


The isolate designated 59c differed from previously lla and 32a were similar to races 11 and 32 except 

known isolates of race 59 because it produced infec- for increased virulence on Bowie wheat. In addition 

to races lla and 32a, 8 isolates were obtained that 

Tarte 2.—Reactions of differential varieties of wheat to were intermediate between them. These isolates, un- 

stem rust races 11 (orange) and 121 (gray-brown) like any described (4) to date, produced infection 

and to new variants obtained from mixing these types X and 3 in various combinations on the durums, 
races, 


but were otherwise similar to races lla and 32a. Two 


Mean infection types * produced other isolates were also obtained: the first was ten- 
tatively identified as race 111 and the second produced 


Parent races New red race 
Wheat incaunaues “lide iaaae aeiee only flecks on Little Club wheat. Neither isolate was 
easietion 9 12] 5 completely identified, because the cultures were lost. 
All of the derived races listed in Table 1, as well as 
oo : ; the 8 approaching lla and 32a in pathogenicity, were 
Kota \ 0 7 characterized by being more virulent on Bowie wheat 
Relianc: 0 0) i than either of the parent races. Spore color and 
Lee 0:1 12 pathogenicity of the derived races apparently were 
ag mi hy stable, although minor variations occurred in patho- 
Spelmat 0:1 = genicity of NR 1 and 59c on Bowie. 
Kubanka 1 Essentially the same experiment was made with 
Einkorn } race 9 (orange urediospores) mixed with gray-brown 
— , ; race 121. With this mixture. only one red race. a 
Khapli “ae 0:1 ln biotype of race 15, was isolated (Table 2). This 
Bowie 0:1] 0:1] 123% biotype of race 15 characteristically produced infec- 
Kenya Farmer tion type 1+. with a heavy amount of necrosis, on 
(K338) 0; 0 0;1 Khapli. The race was also more pathogenic on Bowie 
0 smmune, 0: Sake ¥ ne seieene 2 and Kenya Farmer. Perhaps the most striking char- 
moderately resistant, 3 moderately susceptible, 4 very acteristic of this new biotype of race 15 was its in- 
susceptible, X heterogeneous (4). + and — indicate creased pathogenicity on Reliance. which remained 
variation within infection types. ¢ and n mean chlorosis free from rust when inoculated with either of the 
and necrosis, respectively. Stability of infection types parent rust cultures. 


tested 4 times. 
Some 2 tendency. Disc UsSsION AND CONCLUSION, In the present 


e X tendency. studies, mixtures of urediospores in aqueous suspen- 


4 
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sion were hypodermically inoculated into the boots of 


adult wheat plants in preference to inoculating seed- 


lings. This technique seemed to favor the production 
of new races, perhaps because of close association of 
the spores in the boot. or the relatively contaminant- 


free environment may have an advantage 


W hen races |] 
urediospores 
different 


is more than expected from simple nuclear reassort- 


peen 
and gray-brown 
least 15 


and 121 with orange 


respectively. were mixed, at 


red races and biotypes were obtained, which 


ment. It is possible that any or all of the processes ot 


variation suggested by Watson may have been opera- 


tive: a) nuclear pairing regardless of sex. b) 
cytoplasmic influences. and c) parasexualism. More 
work will be needed before the relative importance of 
these processes can he sessed 

The present work indicates that, when certain races 


are used in mixtures, unusual biotypes may be formed. 
Fight of the 15 new races resembled races lla and 32a 
except that. on the varieties of Triticum durum Desf., 
they were intermediate between these two races, 


making it impossible to categorize them taxonomically. 


The increased pathogenicity of races derived by 
fusion of germ tubes or hyphae of different races noted 
by Nelson et al (3) and Watson (6). was verified in 
this investigation \n increase in pathogenicity on 


Bowie was noted in every new race produced, which 


suggests that the parent races may be heterozygous for 


genes conditioning virule nee on Bowie. with avirulence 


being dominant, or that they possessed complimentary 


genes for virulence Pathogenicity on Reliance also 
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increased when races 9 and 121 were used as parents, 
Pathogenicity was lower than that of the parent races 
NR 1 and NR 2 


varieties. Usually, however, each new race approached 


when were inoculated on the durum 


the pathogenicity of one of the parent races. 
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OF LESIONS INDUCED 


Kk. P. DuCharme 


sStM™MARY 


Burrowing nematodes, Radopholus similis, in the 


process of becoming established in citrus roots, 
entered actively growing root tips in the region of 
cell elongation and root hair production Roots 
were penctrated by the lysis of successive cells. As 
the nematodes progressed through the root, tunnels 
and cavities were formed in the cortex and _ stele. 
All types of parenchyma tissues were attacked. 
Inside the root the nematodes entered the stele 
through the passage cells of the endodermis. The 
phloem-cambiun ring, where they accumulated in 


that the stele girdled by a 
nematode-filled cavity separating what was left of 
the stele from the cortex. Starch disappeared from 
the cells in and immediately adjoining the lesion 
area. Wound gum accumulated next to the stele in 
the invaded area, imparting a tan to amber color 
in the older portions of the lesion. Cells exposed 
to the nematode metabolites sometimes became 
hypertrophied. Hyperplasia and tumor formation 
from the pericycle occurred when the nematodes 
passed through the endodermis and became situated 


lesion area. so was 


These pericycle tumors were 





large numbers, seemed preferred. The phloem next to the pericycle. 
cambium ring was often virtually destroyed in the also attacked by the nematodes. 
The biotic association between burrowing nema- 


Cobb. 1893) Thorne, 1949) 


intagonisti« 


todes (Radopholus similis 


and citrus is one of symbiosis. Burrow- 


ing nematodes. being phytophagous and incapable of 
Accepted for public ition Februarv 2. 1959 
Florida Agricultural Expe ent Stations Journal Series, 


No. 866 


independent existence, rely entirely on living roots for 


food and shelter. These nematodes are normally in- 


side living rootlets, and their activities directly influ- 
ence tissues and lead to profound changes in the in- 


The 
tions that occur in the parasitized roots are a manifes- 
the the 


association between the burrowing nematode and host. 


ternal morphology of the rootlets. transforma- 


tation of interaction arising from intimate 
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This papel describes the penetration of roots by 
burrowing nematodes and the changes that occur in 
the internal morphology of citrus rootlets parasitized 
by burrowing nematodes in gnotobiotic cultures, Le., 
cultures of an organism in an environment in which 
other species are either known or absent (5). 

Goodey (8) did not consider that burrowing nema- 
todes affect plants to produce a gross enlargement of 
the affe ted parts. He considered the prin ipal action 


, 
he 


to powerful lysis whereby cell walls and cell 
contents are destroyed with the production of cavities 
in the cortex of affected roots. Wart-like thickenings 
on coffee roots attacked by burrowing nematodes have 
been noted by Bally and Reydon (1) The presence 
of small swellings and knots on citrus roots at loca- 
tions of attack by R. similis has been reported by 
Feder and Feldmesser (7), but no observations were 


made on the internal condition of the affected roots. 


The gross appearance of burrowing nematode lesions 
on citrus roots has been described (6 
MerHops.—Burrowing nematodes and grapefruit 
seedlings were grown in 2-membered cultures, free of 
other organisms. Aseptic grapefruit seedlings cultured 


from seed on sterilized water agar in Petri dishes were 
inoculated by placing 1-10 adult female burrowing 
nematodes next to each root tip and incubating 3-50 
days at room temperature. The nematodes used were 
surface disinfected for 15-30 minutes in a 0.001° 
solution of 8-hydroxyquinolin sulfate. Nematode ac- 
tivities preceding reot penetration and the process of 
root penetration itself were observed directly through 
a dissecting microscope. Internal transformations of 
parasitized roots were studied in roots that were killed 
fixed in formalin acetic acid and alcohol solution, em- 
bedded in paraffin, and cut in cross and long sections 
Ou thick 


was stained with Delafield’s haematoxylin or Johan 


The sectioned material. mounted on slides, 


sens quadruple stain. 


Resutts.—Inoculation of grapefruit seedlings was 
successful with 1 or more adult female burrowing nem- 
atodes per seedling. When nematodes were placed 
next to or on the root tip. they moved about for a 
while. over the surface of either the agar or the root, 
and finally located in the region of cell elongation and 
root hair production, near the root tip. Then the 
nemas often remained immobile for a time, oriented 
parallel to the long axis of the root 

Penetration into the root, usually direct. took place 
within 24-72 hours from the time when the nemas 
were placed next to or on the root tip. but occasion- 
ally 5-6 days elapsed. At times, some of the parasites 
never penetrated the root, but roamed over the surface 
of the agar until they died. In delayed penetration the 
nemas attacked a patch of cells and formed an irreg- 
ular, shallow. crater-like depression before working 
into the reot. When this occurred, 96 hours elapsed 
before the parasite burrowed into the cortex. In the 
early stages of rapid root invasion, there is little or 
no indication on the root surface where the nema or 
nemas entered except for a tiny hole with a diameter 
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Fic. 1. External appearance of lesions caused by burrow- 


nematodes on grapefruit roots (11). 


slightly larger than that of the nematode. Incipient 
lesions could be detected on the surface of the root 
>-7 days after root penetration, by a slight discolora- 
tion and splitting of the epidermis over the attacked 
area. In 15-20 days one or more deep irregular cracks 
appeared over the lesion cavity, the borders of the 
lesion were slightly raised, and the area became a 
darker tan to brown than the healthy portions of the 
root (Fig. 1) 

The nematodes penetrated the juvenile epidermis 
and the underlying cortex parenchyma by apparently 
dissolving cells. There seemed no mechanical forcing 
apart of cells: rather, the nematode’s forward progress 
appeared to be accomplished by lysis of successive 
cells. In effect. the burrowing nematode digests and 
eats its way through the root tissues. In this manner 
the female and its progeny form tunnels and irregular 
cavities housing numerous nematodes (Fig. 2). 

When nemas lived more than 3 weeks in the same 
part of the root. the tunnels and cavities formed an 
extensive network. The bulk of the root tissues is 
made up of cortex and is consequently invaded ex- 
tensively, yet the phloem and cambium ring seem to 
be the preferred tissues and in time may be completely 
destroyed in the lesion area, and the tunnels eventually 
girdle the vascular cylinder (Fig. 3-A). 

All types of parenchyma tissues may be attacked 
and destroyed. The kinds of tissues invaded were non- 
suberized epidermis, root hairs, cortex, immature en- 


dodermis, passage cells in the endodermis, pericycle, 
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medullary rays between bundle caps, phloem, cambium, 
xylem parenchyma, juvenile pith. and the apical meri- 


stem. including the derived histogens. The nemas en- 


tered the stele through the passage cells in the endo- 
dermis. opposite the protoxyle m points, and settled in 
the medullary rays. From there the nemas migrated 
laterally into the phloem-cambium ring and pericycle. 


Tissues not attacked were suberized epidermis, exoder- 
mis, endodermis, mature xylem, hardened pith. peri- 
derm and hardened root cap 

Lysis of the cell walls. and the cell contents of the 
tissues attacked. accounted for much of the damage to 


the roots. Starch disappeared from the cells in and 


immediately surrounding the lesions. Other cells were 
affected, even though only indirectly exposed to the 
influence of the burrowing nematodes The zone of 


tissues around a lesion from which the starch disap- 
pears becomes somewhat clarified or translucent. and 
the cells may be separated much more easily than in 
the unaffected portion of the root 

There was a deposition of wound gum in the cortex 
next to the stele at the site of nematode activity. 
Wound gum seems to be the only ergastic substance 
deposited, imparting a tan to amber color in the af 
fected area of the parasitized roots (Fig. 2) 


When tissues were exposed by depredations of the 


burrowing nematodes in monoxeni (two-membered ) 


Fic. 2. Cross containing 


de posit of woun 





cultures, there was no formation of wound cork jp 
healthy tissues surrounding the lesion area. Likewise, 
there was no hardening or thickening of the walls of 
cells exposed in the lesion cavity. These cells remained 
moist and turgid. They did not necessarily hyper. 
trophy, although there was a bulging on the exposed 
side. 

\fter entering the root, nemas usually moved up. 
ward but sometimes worked toward the root tip. In 
the latter case the apical meristem and ground tissues 
were invaded, and root growth ceased (Fig. 3-B), 
Healthy root tips taper to a point, but invaded tips 
sometimes became distorted, because of hyperplasia, 
and grew into a knob 3-4 mm in diameter. There 
was no well defined apical point. and terminal growth 
seemed to take place in all directions. The mass of 
cells remained undifferentiated except for xylem cells 
distributed irregularly, singly. or in clusters (Fig. 
1A). The xvlem cells were shorter and more trun- 
cated than normal ones, and seemed to have lost their 
polarity. In other cases the tissues in the root tip were 
virtually destroyed (Fig. 3-B). 

Perhaps the most striking response of the plant to 
burrowing nematodes and their metabolites was the 
formation of tumors in the pericycle. The pericycle 
was the only tissue other than the primary apical 
meristem and derived histogens that was stimulated to 


cross section of burrowing nematodes in a cavitv and B) 
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hyperplastic growth. This morphogenic disturbance 
in the pericycle occurred only when burrowing nema- 
todes passed through the endodermis and located in 
the stele. 

The first change to take place in the pericycle oc- 
cured after the parasite passed through the endoder- 
mis via the passage cells and fed in the medullary ray 
tissues in the stele of the primary roots. — Initially, 
there was a hypertrophy of pericycle cells. which 
became only slightly swollen or increased many times 
their normal size (Fig. 5-A). The hypertrophied cells 
neither increased in density of cell contents nor became 
enriched in any way; instead, the cell contents became 
diluted. The morphogenic stimulus in other cells leads 
to hyperplasia. The stimulated pericycle cells divided 
tangentially, and the volume of the pericycle in the 
affected bundle increased and formed a discrete tumor 
made up of cells all more or less alike in size and 
appearance. They were uninucleate, thin-walled, and 
generally arranged in rows perpendicular to the long 
axis of the root; the cytoplasm was finely granular. 
uniform in density. and finely vacuolate (Fig. 5-B). 

These pericyclic tumors were at first limited in 
width by the medullary rays (Fig. 5-A). Later, as the 
hyperplastic growth continued, anticlinal as well as 
periclinal cell division took place in the outer layers 
of the tumor. the individual tumors eventually co- 
alesced. and the stele became girdled by the much 
enlarged pericycle (Fig. 4-B). The length of the 
tumors usually corresponded to the longitudinal dis- 
tance that the nematodes lay next to the pericycle 
(Fig. 5-B). 


were evident in the pericycle 10-15 days after initial 


The beginnings of hyperplastic growth 


root invasion. but did not occur as long as the endo- 
dermis remained undamaged. The nematodes also fed 
on and burrowed into the pericycle tumors (Fig. 4-B. 
5-B). 

Direct mechanical damage to roots from burrowing 
nematodes is virtually non-existent. There seems to 
be no violent tearing or ripping of cell walls. In ef- 
fect. mechanical damage is but a minor part of the 
host-parasite relationship. The friction from rubbing 
of cells as the nematodes crawl or move over them is 
so slight as to appear inconsequential. Cells collapsed 
when the contents were digested and consumed, but 
not from the nemas physically pushing through or 
between the cells. The nemas might take advantage 
of inter-cellular spaces, but do not use them exclu- 
sively. Mechanical injury as such is a secondary ef- 
fect resulting from the hyperplastic growth of the 
pericycle exerting pressure on the surrounding tissues. 

As the tumors increased in thickness, the endo- 
dermis was pushed outward and ruptured. The cortex 
was in turn crushed against the exodermis, the inter- 
cellular spaces disappeared, and the cells became com- 
pressed and distorted beyond recognition (Fig. +B). 
The swelling of the root in the lesion area is mainly 


— 
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due to the growth of the pericycle tumor, and sec- 
ondarily to the hypertrophy of cortex and tumor cells 
and deposition of wound gum. In open parts of the 
lesions where the cortex had been completely de- 
stroyed, large lumps of pericycle tumors protruded 
into the lesion cavity. The diameter of the roots 
through lesions located 10-30 mm or more from the 
tip were 0.5-1.55 mm more than the adjacent healthy 
portions of the same root. The cortex varied from 
280 to 4004 thick in healthy roots and from 164 to 
109 w over lesions without tumors. The ratio of thick- 
ness of cortex to tumor in 4 lesions was as follows: 
87-409 u; 102-360 u; 156-230 4: 154-256 u. Pericycle 
tumors have been observed only in primary roots. 

Discussion.—With gnotobiotic cultures it has been 
possible to study the interaction of burrowing nema- 
todes and citrus roots without the influence of other 
organisms. The nemas enter into a true antagonistic 
symbiotic relationship with the citrus reots, and are 
able in themselves to induce striking as well as pro- 
found changes in the characteristics of cells and tissues 
of the parasitized roots. Mechanical activities of the 
parasite are not sufficient to account for the nature and 
extent of the lesions formed; therefore, an explanation 
must be sought in the physiologic aspects of the rela- 
tionship. 

The process by which burrowing nematodes become 
established in citrus roots may be divided into 3 fairly 
distinct phases, comparable to the scheme devised by 
Brown for establishment of a fungus parasite in a 
host (2). 

1) The activities that precede penetration of the 
roots by burrowing nematodes.—These are: migration 
of the nemas in search of healthy roots suitable as 
food; location of the root tip. presumably being guided 
by organic substances released by the activity growing 
root tip: and orientation in the root hair zone, with 
feeding of the parasite on the tender epidermal cells 
beginning here. The success of the nematodes in ac- 
complishing these events presupposes active rootlet 
growth, with concomitant production of healthy suc- 
culent tissues acceptable to burrowing nematodes. 

2) The actual process of entering the roots.—De- 
struction of the epidermis and cortex and formation of 
the entrance burrows are the second phase of these 
phenomena. 

3) Those phenomena that occur after the nemas 
penetrate the root and enter into intimate association 
with the citrus roots——These include activities on the 
part of the nematodes, responses by the plant to the 
metabolites released by the nematodes, and possibly 
plant reaction to toxic substances produced by the 
plant. Cells and tissues are destroyed by the nema- 
tode’s digestive and feeding activities. Yet there seems 
to be no generalized necrosis of cells or putrefactive 
decay. The parasite does not cause a putrefaction as 
ordinarily understood; however, the dissolution or 


Fic. 4. A) Cross section through disorganized tissue in a gall caused by burrowing nematodes at the tip of a grape- 
fruit root (310). B) Cross section through a grapefruit root containing cavities and tumors caused by burrowing 
nematodes; a) cavities, b) pericycle tumor, c) displaced endodermis, d) crushed cortex (70). 
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ysis of the root cells and their contents in the presence 
of the nematode and/or host metabolites constitutes, 
in effect, a decay. This lytic process, resulting in the 
formation of tunnels and cavities in the roots, is most 
action of 


accomplished by the enzymes 


probably 
secreted by the nematodes. These would include en- 
wmes such as cellulase and pectolytic enzymes able 
mA digest carbohydrates, and proteolytic enzymes that 
digest the cytoplasm and nuclear materials. These 
substances would account for the strongly lytic action 
observed here and also noted by Cobb (4). Goodey 
(8). and Steiner and Buhrer (10). 

Cells and tissues exposed lo burrowing nematode 
activity do not suberize and do not seem to dry, and 
there is no formation of wound phellogen or wound 
The 
known. but there is a possibility that nematode me- 
inhibit the 
The formation of a layer 


cork in and about the lesions. reasons are un- 


tabolities or substances formation of ad- 
yentitious wound phellogen. 
of wound cork, isolating the nematodes from uninvaded 
portions of the root, would be inimical to the well- 
being of the parasites, Preventing the formation of 
wound cork would assure the parasite of an abundant 
supply of suitable food. 

Growth-stimulating substances, presumably elabo- 
rated and released by the nematodes, lead to hyper- 
plasia of the pericycle and root tip. but there is no 
this 


disorders. 


undue branching of rootlets in disease. as in 


vome other nematode-caused Hyperplasia 
of the pericycle is a phenomenon occurring in the 
that so far has not been observed in 


roots, 


primary 


fibrous roots of citrus. Pericycle tumor formation, oc- 
curring only when burrowing nematodes pass through 
the endodermis. indicates that the endodermis acts as 
that either 


tabolites into the stele or changes them 


a barrier prevents passage of nemic me- 


so that they 
become innocuous. Whatever substances permeate the 
endodermis must of necessity pass through the living 
protoplast and be subject to possible modification. 
This supposes a filtering effect on the part of the en- 
dodermis. The resulting tumors and galls are reac- 
tions on the part of the plant. and might be considered 
a kind of defense mechanism. Conversely. hyperplasia 
of the pericycle could be a mechanism that assures an 
abundant supply of plant substances suitable for nem- 
atode consumption. This in turn leads to the pos- 
sibility that the 
to burrowing nematodes is comparable to the function 
relation to root-knot 
it must be kept in mind that Radopholus 
similis is quite mobile even inside the roots. 


root-knot 


function of these tumors in relation 


of giant cells in nematodes (3) 


However. 
feeding 


where it wills. in contrast to nematodes. 


which are sedentary. 


The disappearance of starch in and around lesions 


induced by burrowing nematodes is reverse to the 
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Kostoff and Kendall 


in the region of root-knot galls (9). 


accumulation of starch noted by 


In addition to these effects noted, it is possible that 
other nemic influences exist, such as the release and 
translocation of metabolites to other parts of the tree, 
where they may cause disturbances at a distance from 
the site of nematode activity. It is also not known how 
long the stimulating effects of burrowing nematodes 


persist in the root and affect the plant after the nem- 


atodes leave a root. 
Radopholus similis does not kill the roots, even 
though there is a reduction in growth of roots. It is 


conceivable that. if a large enough population of the 


parasites developed in a lesion, the attacked roots 


would be completely consumed. 
No studies have been made on the influence of bur- 
rowing nematodes alone on the well-being of a large 


citrus tree for a long time. It is unknown whether 


burrowing nematodes alone could produce the syn- 


drome typical of spreading decline. Such an experi- 


ment would require that gnotebiotic association of 
citrus and burrowing nematodes be maintained for 


long periods. So far, this has not been possible. 
UNIVERSITY OF FLORIDA 
Citrus EXpeRIMENT 
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Hand-Book of Tropical Crop 
Prakash Publishing House, Poona. India. 
84 p. Price 2.50 rupees. 

This volume is a semi-technical handbook prepared 
for the use of extension plant pathologists and plant. 
Asia. The first 


plant diseases, 


section 
their 


protection officers in tropical 


gives general information on 


nature, the various types of symptoms encountered, 


The second section contains 


a classified list of diseases. their diagnostic symptoms, 
and methods of controlling them. 





